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Observations  on  the  L'.orphology  and  Life  History  of 
Herpetomonas  nusoae -domest ioae  in  Iiorth  jinerican 
IXiscoid  Flies. 


Certain  flagellate  parasites  of  insects  are  of 
particular  interest  to  investigators  because  of  both  their 
general  biological  importance  and  the  relationships  which 
they  bear  to  maHmalian  parasites  belonging  to  the  genera 
Leishmania  and  Trypanosoma.   Perhaps  the  comrr.onest  and  most 
extensively  investigated  of  all  these  insect  flagellates  is 
Herpetomonas  muscae -domest icaa ,  a  parasite  of  the  common 
muscoid  flies.  Ko  attempt  v/ill  be  made  to  give  an  extensive 
revieir  of  the  vrorlc  of  previous  investigators,  since  it  v.-ould 
make  this  contribution  unnecessarily  lengthy.  The  references 
at  the  end  of  this  paper  and  those  given  by  "Venyon  (1913  j  and 
Brug  (1914)  should  be  consulted  for  previous  papers  on  this 
and  closely  related  subjects. 

The  writer  lias  encountered  three  distinct  mor- 
phological types  of  iierpetomonas  in  the  nuscoid  flies  of 
Horth  ilnerica.   (l)  The  typo  which  is  unmdstakably  the 
Herpetomonas  mus cae -dome st i cae  v/hich  Prowazek  (1904)  described, 
-.Those  distinctive  features  are  strongly  staining  flagella,  each 
flagellum  thickened  at  the  margin  of  the  cell  body  so  as  to 
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form  marginal  granules,  and  a  larga  deeply  staining  parabasal 
body.  This  flagellate  is  almost  alv/ays  found  in  a  state  of 
division,  making  it  appear  biflagellated.  During  the  sxunr.ier 
of  1922  this  species  iTas  found  to  be  present  in  varying  per- 
centages in  the  alimentary  canal  of  Phornia  regina,  _Lucilia 
sericata,  Galliphora  erythrocephala,  Coohliomyia  (ChrysomyiaJ 
macellaria,  :iusca  domestica,  and  Sar.copliaga  bullata.  The 
Herpet omonas  found  in  these  six  species  of  flies  "-rsre  mor- 
phologically indistinguishable,  and  exhibited  no  more  mor- 
phological variations  in  hosts  of  different  species  than  in 
hosts  of  the  sane  species.   In  a  la.ter  paper  v;ill  appear  a 
report  on  cross -infection  experiments  vrhich  seems  to  indicate 
that  H.  Hus cae -dome st icae  is  the  common  parasite  of  these  six 
species  of  flies.   (2)  In  Iluscina  stabulaps,  Galliphora  er^/thro- 
cephala ,  and  Limosina  sp.  is  a  herpetomonad  of  sonev/hat  sr^ller 
size  -.rith  a  flagellxan  and  parabasal  body  less  strongly  developed 
than  in  H.  mus cae  -dome st  i  cae  ♦   It  corresponds  very  vrell  vrith  the 
Crithidia  calliphorae  of  Swellengrebel  (1911),  although  there 
is  no  reason  why  it  should  be  placed  in  the  genus  Crithidia. 
(3 )  In  t"iTo  individuals  of  a  number  of  Sarcophaga  securifera 
examined  a  Herpet omonas  quite  different  from  any  yet  described 
was  found.  Its  cell  body  was  much  rounded,  and  in  the  stained 
preparations  shovred  a  deeply  staining  flagellun,  prominent  mar- 
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ginal  granules,  a  deeply  staining  parabasal  body  surrounded 
by  a  large   clear  space,   and  a  nucleus  vrith  a  very  small 
karjfosomo  and  a  pronounced  achromatinic  nuclear  ineinbrane 
(Fig.    1).      It   is  the   first  type   of  Herpetononas ,   hoirever, 
'.rhich  is  by  far  the  most   common,   Herpetononas   ..at s cae -dome s t i - 
cae   in  the  host  Phormia  regina  iTas  used  for  tlie  most  part   in 
the   investigations   recorded  in  this   paper.      Of  tv;o  hundred 
"vrild"  flies   of  this   species   captured  during  the  month  of 
June,  1922,    sixty-six  per   cent  vrere   infected. 

The  seat   of  infection  is  the  alimentary  canal 
where  the  parasites  may  be  distributed  from  the  crop  to  the 
rectum.     Strickland   (1911)  made  a  study  of  the  stages   of  the 
parasite  in  the  different   regions   of  the  alimentary  tract   of 
a  species    of  Lucilia.      The   fact  th^t   infections  vary  much  in 
their  nature   should  not  be   overlooked,    for  in  some   cases   in 
T.'hich  the  entire  intestine   sirarms  vrith  flagellates   it   is  dif- 
ficult to  find  any  except  the  long  flagellated  forms.      In 
another  type   of  infection  the   crop  and  anterior  end  of  the 
midgut  may  be  free  from  parasites,    .rhile  the   posterior  portion 
of  the  midgut  and  the  hindgut  may  contain  nurj&erous   stumpy 
flagellates,    cysts,   and  encysting  forms.      I  have  rarely  found 
the   stumpy  and  encysting  forms   in  the  crop,     ':hen  herpetomonads 
are  present   in  the  crop,   they  are  generally  the   long  flagellated 
forms  knaiTO  as   "adults"    (Figs.    2-15). 


A  series   of  fifty  ''adult''  herpetomonads  taken 
ten  each  from  five  heavily  infected  flies  gave  the  average 
ceasurenents  indicated  in  Table   1.     The  preparations  used 
in  Tiaking  the  measurements  vrere   fixed  in  Schaudinn's  fluid 
(without  acetic  acid)  and  stained  by  Heidenhain's   iron- 
haematoxylin  method.     A  comparison  irith  dried  smears   stained 
by  the   RomanoiTsky  stains   shcrr;ed  that  tiie   length  of  the  cell 
body  of  dried  individuals  averaged  about   5.0  u  greater  than 
in  the  case   of  those  in  the    'Vret  mounts." 

Table   1.      Lieasurenents   in  microns   of  fii^y 
adult  herpetomonads  taken  at  random  ten  each 
from  five  infected  flies. 


Slide  Posterior  nucleus     Posterior  Flagel-  Great-  Total     Range  in 
rmra-     tip  to         to  mar-     tip  to  lum         est         length  total 

ber       nucleus        ginal         marginal  v.'idth  length 

granules  granules 


1.8  55.1  45.4-58.3 

2.0  45.8  38.2-49.5 

1.8  48.4  36.0-54.0 

2.0  33.0  31.0-40.5 

1.8  33.6  27.0-36.5 

1.9  44.2 


1 

8.6 

9.1 

17.7 

37.4 

2 

8.2 

8.6 

18.8 

29.0 

3 

6.4 

7.7 

14.1 

34.3 

4 

6.8 

8.5 

15.3 

22.7 

5 

4.5 

7.3 

11.8 

21.8 

Average 

6.9 

8.2 

15.2 

29.0 

From  this  table  it  can  be  seen  that  there  is  con- 
siderable variation  in  the  raoasurements  of  th.is  type  of  the 
flagellate  in  various  hosts  of  the  saiae  species;  e.g.,  the 
average  total  length  in  one  fly  "iras  55.1  u,  '.rhile  in  another 
fly  it  vras  33.6  u.  One  monster  (not  considered  in  above 
averages)  was  encountered  with  a  total  length  of  79,9  u,  the 
body  length  alone  being  40.1  u  (Fig.  15).   In  general  the 
flagellate  ranges  in  longth  from  25.0  u  to  79.9  u,  although 
by  far  the  greater  nunber  of  individuals  measure  in  the 
proximity  of  45.0  u  in  length  and  from  1.5  u  to  2.5  u  in 
Tfidth. 

The  accompanying  text  figure  represents  diagram- 
matically  the  cell  structure  and  the  ter^ininology  applied  to 
the  various  parts  of  the  cell.   There  is  a  rigid  cell  body 
from  the  anterior  end  of  which  emerges  a  flagellum,  or  much 
more  frequently  the  t'/o  flagella  of  the  dividing  individual, 
enclosed  in  a  cj.'toplasmic  sheath.  'Tenyon  (1913)  considers 
that  the  body  of  the  cell  is  much  flattened  like  a  blade  of 
grass.   In  the  average  stained  preparation  v."here  one  gets  only 
a  side  viev;  of  the  flagellate  this  appears  to  bo  true;  but  in 
order  to  determine  vrhethor  this  ".ras  actually  the  case,  I  ex- 
amined a  peritrophic  membrane  filled  v/ith  the  flagellates, 
many  of  which  had  attached  themselves  by  their  flagella  in 


Text  Fig.   1,   diagramnatic  rspresentation  of  the   structure   of  Herpet. 
omonas  muscae-doraesticae.     f,  flagella;  n,  marginal  granules; 
r,   intrac^^oplasmic  flageilun  or  rhizostyle;  b,  basal  granules; 
p,   parabasal  body;     s,   periplast;     e,   endoplasra;  n,  nucieus  v/ith 
nuclear  neinbrane   and  central  karyosons;      c,    "chronidia. " 


(?) 
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such  a  position  that  their  longitudinal  axes  rrere   parallel 
to  the  rays   of  light  passing  through  the  nicroscope.     By 
focusing  up  and  dovm  upon  such  individual  flagellates   it 
TTas  apparent  tliat  their  optical  cross  section  tts.s  round  or 
oval.      The  entire  cell  is  enclosed  in  a  thin  periplast  with- 
in T/hich  lies  the  endoplasm  and  cell  organelles,  ■'vvhich  xTill 
be  described  separately. 

3ndoplasin.      In  comparison  vrith  Crithidia  gerridis 
the  endoplasn  is  finely  granuled.      Tlae    "chronidia"  lying  in 
the  endoplasm  are  snialler  than  those   in   Crithidia  gerridis , 
and  do  not  stain  intra  vitan  -Jith  Janus  green.      Sv/ellengrebel 
(1911)  reported  that  these    "chronidia"  are  composed  of  volutin. 
ITenyon  found  bodies   lying  in  the  endoplasm  vrhich  he  thought 
^Tere  bacteria  because   of  their  bipolar  staining.      I  liave  not 
found  these  appearances  v/ith  the  frequency  -.rith  .;hich  V.enyon 
found  them,  but  at  times    I  have   found  rod-like  nuclear  frag- 
ments in  Tj-hat  appear  to  be  degenerating  specimens  irith  disrupted 
nuclei.      They  stain  much  heavier,  hovrever,  than  the  bacteria  on 
the  slide,  and  are  probably  not  the  bodies  vrhich  "Tenyon  con- 
sidered bacteria.      In  my  preparations   I  can  find  no  evidence 
of  the  presence   of  bacteria  in  the  endoplasm  of  the  cell. 

This  brings  us  to  the  question   of  a  C3,'to3tomo  which 
?Jenyon    (1913)  has  discussed  at   length.      I  have   carefully  searched 
in  the   living  and  stained  flagellates  for  the  funnel-like  de- 
pression  surrounding  the  flagell\im  -.rhich  V.'enyon  describes,  but 
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I  can  find  no  ovidance  for  it.      It  is  true  that  the  region 
of  the  cell  body  anterior  to  the  parabasal  body  is   often 
reoarlcably  transparent,   particularly  betvreen  the  t-TO  flagella 
of  a  dividing  cell;  but  there  is  no  visible  aperture  through 
vrhich  solid  particles  of  food  such  as  bacteria  could  be  ad- 
mitted.     The   periplast  enclosing  the  cell  body  is   in  unin- 
terrupted continuity  v;ith  the  flagellar  sheath  so  far  as    one 
is  able  to   observe.      Tlio   anterior  end   of  the  cell  body  of  the 
flagellate  rrith  '.rhich  I  rrorked  is  not  truncated  after  the 
fashion   of  '.Tenyon's  figures.      The  absence   of  solid  food 
particles   in  the  endoplasm  and  the  absence  of  any  cj'tostome 
suggest  tliat  the  parasite   is  saprozoic  in  its  habits. 

Flagellun.     Prar/azek   (1904)   described  the   organism 
as  a  biflagellate.     iUmost  all  subsequent   observers    (Patton, 
i^orter,  'H'enyon,  :.:ackinnon,   Strickland,   etc.)  have  agreed  that 
the  biflagellate  appearance  is  due  to  the  tendency  of  this 
organism  to  be  almost   constantly  in  a  stage   of  division,    since 
under  sosne   conditions  both  uniflageliated  and  biflagellated 
specimens  can  be  found.     The   cyst  normally  contains  but  the 
rudiment    of  one  flagellum  (Fig.    19),   and  the  trypaniform  type 
(Figs.    17,   13)   in  most  instances   is  uniflageliated,   although 
dividing  specimens  ■vvlth  t^.ro  flagella  exist. 

The  flagellum  arises   from  the  basal   granule   and 
proceeds  anteriorly  as  a  fine  line  until  it  reaches  the  margin 
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of  the  cell,  vrhere   it  thickens  noticeably  to  form  the 
riarginal  granule,    or   in  the   dividing  forms,   the  marginal 
granules    (Swellengrobel,   1911  j    (Figs.   3,   4,   5)  ulaich 
Pra.razek  termed  the    (anterior)   diplosome.      The   intra- 
cellular  portion   of  the   flagelliua  has   often  been  termed 
the   rhizoplast    (PrOvTazek,   Svrallengrebel).      The  extracellu- 
lar portion  of  the  flagelium  is  much  more  sturdy  and  takes 
a  deeper  stain  tlian  the  intracellular  portion. 

Basal  granule.     The  basal  granules  lie  immediate- 
ly anterior  to  the   parabasal  body  (Figs.    2,   4,   7,   9,   etc.), 
sometimes  in   contact  Y:ith  it    (Fig.   13).      Sometimes  the   intra- 
cytoplasmic  portion   of  the  flagellvim  can  be  traced  until  it 
makes  a  contact  vrith  the  parabasal  body,  vrith  no  basal  granules 
visible    (Figs.    5,    6,   8).      In   such  cases  the  basal  granules 
must   lie  oithsr  embedded  within  the  parabasal  body  or  in  a 
depression  in   its  anterior  surface. 

Parabasal  body.      The   parabasal  body  (blepharoplast 
of  Schaudinn,   kinetonucleus   of  'Toodcock)   in  the  adult  herpeto- 
monad  lies  usually  from  3.5  u  to  4.5  u  anterior  to  the  nucleus. 
It  varies   somevrhat   in  shape  from  pear-shaped  to  bar-shaped. 
In  the  dividing  specimens  it  may  appear  heart-shaped   (Fig.   9). 
In  the   living  cell  it  is   seen  vrith  difficulty  as  a  more  or  less 
refractile   spot.      If  an   infected  intestine   is  teased  up  in  a 
drop  of  Janus  green  made  hy  dissolving  one  part   of  the  povrdered 
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dye   in  fcTenty  thousand  parts   of  normal   saline  solution, 
the  parabasal  bodies   of  the  flagellates   stain  after  the 
typical  mitochondrial  fashion,  ^^hich  the  nucleus  does  not 
do.      In  dried  preparations   stained  by  "Tright's  stain  this 
structure  appears  vredge -shaped,  and  sonetir.cs  quite  elon- 
gated as   indicated  in  Fig.    20.      This  distortion  is   due  to 
the  drying  process.     A  discussion  of  the  parabasal  body 
of  these  flagellates  vras   included  in  a  preTious  paper  on 
Crithidia  gerridis. 

nucleus.     Ko  investigator  has   considered  the 
cytological  details   of  the  nucleus  so  thoroughly  as  has 
TTenyon    (1913).      He  describes  the  nucleus  thus^    "Tliore   is 
a  fine  nuclear  nenibrane  enclosing  a  space,   in  the  center 
of  vrhich  lies  the  deeply  staining  karyosome."     In  addition 
there  iras   observed  ".That  the  author  conceived  to  be  a  cen- 
triole,  Viiiich  :Tiay  be  within  the  center  of  the  karyosome 
('conposed  of  chromatin  and  plastinj,  just   outside  the  karyo- 
some,   or   situated  on  the  nuclear  nenbrane.     L'y  aim   observa- 
tions agree  in  the  raain  v;ith  those   of  TTenyon,   except   in  regard 
to  the  existence   of  a  visible  oentriole.      It  is   not  to  be 
questioned  that  chromatin  granules  ^rhich  reseuble   oentrioles, 
nay  be  found  in  the  nucleus,   but  after   studying  a  large  nuiober 
of  dividing  sPecinens   I  have  becone  convinced  that  there  is  no 
indication   of  a  centriole   or  other  attraction  body  -.rhich  per- 
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forms  the  function  of  a  centriole  during  the  process   of 
division.     Alexeieff  (1912)  -.rho  studied  carefully  the  pro- 
cess of  nuclear  division   in  this  parasite  found  no  indica- 
tion  of  a  functioning  centriole.     The  nucleus  rrill  be  dis- 
cussed further  under  the  process   of  division. 

Alexeieff  describes  a  rhizostj^ie  or  axostyle 
e:ctendins  posteriorly  from  the  parabasal  body  of  the  haeno- 
flagellates,  -.vhich  is  evidenced  by  either  positive   or  negative 
staining.      Like  "en yon ,    I  axi  unable  to  find  an^.rfching  in  vrell- 
stained  preparations  like  the  appearances  vrhich  Alexeieff 
figures,  but   occasionally  near  the  edge   of  the  snear  vrtiere 
the   specimens  have  dried  s onevrhat ,   the   dark  staining  granules 
in  the  cv'toplasn  i:nay  accidentally  be  arranged  in  rovrs  duo  to 
endoplasnic  streaming,  '.Thich  vras  not   observed  in. this  species 
of  flagellate,  but  ".ras    observed  in  Crithidia  gerridis. 

In  addition  to  the  adult  herpetononads   just  de- 
scribed there  are  tiro  other  stages   of  this  fla:::;ellate  coni-;only 
present,    w-hich  v;ill  be  described  separately,  the  trj^panifom 
and  the   cyst. 

The  trypaniform  stage  nay  be  regarded  as  the  transi- 
tional stage  betrreen  the  adult  flagellate  and  the  cyst  form. 
It  is  found  usually  in  the  posterior  part   of  the  midgut  and  in 
the  rectum,     '..'enyon  has  described  t-.ro  methods   of  encystnent,   one 
in  7/hich  encystnent   is  preceded  by  the  trypaniform  stage  and  one 
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in  Triiich  it   is  preceded  by  the   Icptoiiionas   or  herpetomonad 
stage.     This   is   quite  markedly  true  in  the  case   of  the 
small  flagellates  -.Thich  I  found  in  -■hscina  stabulans,  but 
in  H.  ffius cae -doraest icae  I  have   observed  only  one  manner   of 
encystment,   and  tliat  fron  the  trypanifonu  type,  v/hich  in 
turn   is  derived  from  the  adult  herpetomonad  type.     All  in- 
termediate stages  may  be  found  from  that  in  ^iThich  the  para- 
basal body  approaches  the  nucleus   and  becomes   in  a  sense  a 
crithidia   (Fig.    16)  to  the   stage  in  vriiich  the  parabasal  body 
lies   posterior  to  the  nucleus  and  is  structurally  a  trypano- 
some,   although  in  neither  the  crithidia  nor  trypanosome  stage 
is  there  an  undulating  membrane.      The  body  decreases  notice- 
ably in  length  and  very  slightly  in  v:idth  as  the  trypaniform 
condition   develops.     Usually  one  flagellum  and  one  nucleus 
are  present,  but   occasionally  dividing  forms  irith  a  double 
set   of  organelles  are  found. 

The  parabasal  body  of  the  trypaniform  type  con- 
tinues  to  migrate   posteriorly,    and  the   cell  body  becomes 
shorter,  until  the   organism  becomes  a  small  oval  body  v.'ith 
the  more  rudiment   of  a  flagellum   (Fig.    18).      The  extracellular 
flagellum  finally  degenerates   completely   (Fig.   19).      The  point 
of  entrance   of  the  flagellum  into  the   cyst  is  plugged  by  the 
marginal  granule,  v.-hich  continues  to  stain  deoply   (Fig.    19). 


Tho   intracelliilar  flageliun  can  be  traced  to  the  parabasal 
body  v/hioh  finally  migrates  to  tho   e;rbrerae   postorior  end 
of  the   cyst,   becor.Gs  bar-shaped,   and  stains   less   deeply 
than  fornerly.      The  nuclear  ]:aryoso:ne  becones  round  or  oval, 
and  lies   inside  a  light   staining  nuclear  nembrane.     The  pro- 
toplasm nearest  the   flagellum  stains    somevrhat  noro   lightly 
tlian  that  near  the   edge   of  the  cyst,  but  irhy  Striclrland   (1911) 
should  call  this  pale  staining  endoplasm  a  cytopharynx  is  not 
clear. 

I'lethod  of  multiplication.      The   only  method  of 
multiplication  observed  in  this  protozoon  is  binarj''  fission. 
The  processes   of  coj^ulation,   parthenogenesis,  etheogenesis, 
and  autogamy,   as  described  by  Provazek  are   novr  knorim  to  have 
been  based  upon  misinterpretations.     As   Kofoid   (l91S)  has 
said,    "...  we  have  as   yet,   except  among  the  volvocidae, 
■sThich  are  hardly  typical  flagellates,  little  evidence  r/hich 
can  be  regarded  as  final  that  time   sercual  reproduction   occurs 
at  all  among  flagellates." 

r:enyon    (1913)  and  Alexeisff   (1912,   1913)  made 
important   studies   on  the  process   of  division   of  this  flagel- 
late,  particularly  in  regard  to  the  nucleus.      In  ny  slides 
fixed  in  Schaudinn's   solution  -.Tithout  the  acetic  acid  and 
stained  by  the  iron-haematoxylin  method  I  have  frequently 
found  beautifully  stained  dividing  specimens   on  -/rhich  I  made 


certain   obssrvations  agreeing  e::cept   in  a  fer,'  details  vrith 
those   of  Alexeieff ,   but  differing  some-.That  from  those   of 
.Tenyon,    pai'ticularly  in  regard  to  the  presence   of  a  function- 
ing centriole. 

The  first   indication   of  division   is   a  divided 
basal  granule  and  a   double   flagellvu-a   (Fig.   3,   4,   5,    6j.      By 
far  the  greater  nunber  of  flagellates  exist   in  this  dividing 
stage.      Tae  doubling  of  the  flagellxun  comes  about,  according 
to  "Tenyon,   Patton,   L'ackinnon  and  othors,  through  a  noT;  flagel- 
lum  grovTing  oiit   on  intimate   contact  v.dth  the   old  one,  -rhich 
makes  the  process   difficult  to  observe.        As  the  tvro  basal 
granules  move  airay  from  each  other,  the  parabasal  body  enlarges 
some-'.That,   and  commences  at  the  anterior  end  to  split   longitudin- 
ally  (Fig.   9).     At  this  stage  it   is  usually  heart-shaped.     The 
splitting  continues  under  the  influence   of  the  basal  granules 
until  the  tiTo  neir  pear-shaped  parabasal  bodies  are  entirely 
separate    (Figs.   10,    11 j.     There   is  no  evidence  of  a  mitotic 
division  of  the  parabasal  body  such  as   Rosenbusch    (1909^  de- 
scribed for  trypanosomes  and  ^Vhitmore    (1911;  described  for 
ProiTazekia  asiatica. 

The  apparent  non -uniformity  of  the  appearances   in 
various  dividing  nuclei  is   some'rhat  discouraging  to  one  xrho 
would  get  such  clear-cut  pictures   of  the  various   stages  as  are 
possible  in  metazoan  cells.     The  difficulties  are  somevrioat  in- 
creased if  one  postulates  the  presence  of  a  centriole,   as  T'enyon 
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did,   and  attempts  to  follov;  the   division   in  relation  to 
these  chromatin  fragnents  resembling  oentrioles.     V.'enyon 
himself  eicpressed  the   opinion  that  nany  of  the  appear- 
ances ".rhich  he  considered  oentrioles  may  have  been  simply 
separate   chroraatin  bodies.      It   seems  to  me  that  the   latter 
possibility  is  the   correct   one,   and  like  Alexeieff,   I 
should  place  this  type   of  nuclear  division   in  the  group 
".rith  those  -.Thich  Iiave  no  functioning  centriole.     Alexeieff 
calls  this  type   of  nuclear  division  panmitosis,  and  defines 
it  thus  - 

"Tout   le  materiel  cliromatique    (chromatine 
peripherique  ainsi  que   chromatine   caryosom.ionne}  est 
employe   a  la  formation  des    chromosomes,   de   sorte   qu'il 
n'y  a  ni  oentrioles  ni   corps  polaires.     Le  stade  de  la 
plaque  equatoriale  n'est  pas  net,  meme   le  plus   souvent 
il  manque  completenent.     A  1 'anaphase  entre   les  deux 
noyaux-fils  est  etiree  une  fibre  fusoriale." 

The  resting  nucleus  may  be  regarded  as  a  plastin 
matrix  surrounded  by  a  fine  aohromatinic  nuclear  membrane   in 
TThose  center  is  embedded  the  karyosome,   composed  eithar  of 
one   or   several  chromatin  particles    (Figs.   2,   3,   4,   21,    22,   23, 
24,    25).     As  vras  previously  noted  by  Ilackinnon    (1910)   one   of 
the  first  indications   of  division  in  the  nucleus   is  elonga- 
tion  of  the  Icaryosome   in  the   longitudinal  axis   of  the   cell 
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(Fi^s.    26,   27,   28,    29).     As  the   cell  bodj;-  increases   in 
breadth  the  elongated  nucleus  is  drarm  to  a  position  at 
an  angle  to  its  forner   one    (Fig,   30J.     By  this  time  the 
nuclear  raenbrane  has  becone  indistinguishable  fron  the 
CTfcoplasn,  and  the  karyosone  begins  to  resolve  itself 
into  a  number   of  discrete  granules    (Fig.    7,   8,   9,   10,  31, 
52,   33).     The   ciiromatin  mass  becomes   constricted  in  the 
center  as  the  t-^ro  halves  move  a'lmy  from  each  other. 
Alexeieff  states  that  the  nucleus  may  be   divided  into  from 
eight  to  sixteen  chromosoi^ies,   but  he  figures   four   in  each 
daughter  nucleus.      I  have  failed  to  find  raore  than  four 
of  these  chromatin  fragments   or   "chromosomes"  in  each  of 
the  daughter  nuclei.      In  some  cases  Tfhere  there  are  fcro   or 
tliree   granules   one    or  t.ro   of  them  are  usually  exceptionally 
large   or   of  a  bilobed  appearance,   suggesting  that  they  are 
in  reality  double. 

The  two  daughter  nuclei  may  be  connected  by  an 
achromatinic  filai^ent    (Fig.   9),    or  there  nay  be  none  present 
(Figs.   10,   11).     This   is  TTenyon's   centrodesmose  and  Alexeieff' a 
tractus  fusorial  achromatique.        It   stains  someirhat   lighter 
than  nuclear  chromatin,   and  probably  represents   interzonal 
nuclear  plastin  undergoing  degenerative  changes   prior  to  ab- 
sorption  into  the   cytoplasm. 
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The  c^rtoplasm  of  the  mother  cell  splits 
longitudinally  to  the  posterior  end  (Fig.  13)  and  the 
tv;o  individuals  remain  connected  onljr  by  the  sheath  of 
the  flagella  (Fig.  14).  Very  soon  they  free  themselves 
from  each  other  by  their  active  movements.   The  chromatin 
fragments  in  the  nucleus  again  clump  together  to  form  the 
resting  nucleus. 

Life  History  Studies 

In  I'lis  various  papers  upon  Crithidia  and 
Herpetomonas  Patton  has  always  emphasized  that  these 
flagellates  in  their  life  cycle  pass  through  pre-f lagellate, 
flagellate,  and  post-flagellate  stages.   It  is  perhaps  due 
to  his  influence  that  it  is  to  be  inferred  from  almost  all 
the  nublications  upon  these  subiects  that  this  is  an  obliga- 
tory life  cycle  and  that  the  cyst  is  the  only  infective  stage. 
For  example,  Strickland  (l91l)  and  l.'enyon  (l?513)  speak  of  the 
cyst  as  the  infective  form  of  H.  muscae-domesticae«   Roubaud 
(1912)  did  a  series  of  experiments  with  Pycnosoma  flies  and  theii 
flagellate  parasites  from  which  he  concluded  that  the  infection 
is  transmitted  from,  fly  to  fly  by  the  cysts  and  not  by  the 
flagellated  form.s  found  in  the  feces, 

Patton  himself  (1910)  performed  certain  experi- 
ments with  H.  muscae-domesticae  in  the  host  Husca  nebulo 
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which  convinced  him  thet  the  flagellated  form  as  ./ell  as 
the  cyst  was  infective.   He  found  that  if  he  fed  "clean" 
flies  of  the  species  Musca  nebiilo  upon  spleen  v/here  in- 
fected flies  had  previously  deposited  their  excreta,  and 
that  if  he  examined  the  intestinal  contents  of  these  clean 
flies  v/ithin  three  hours  from  the  tiiae  they  -.vere  allowed 
to  feed,  flagellated  herpetomonads  would  be  present.   On 
the  second  day  he  found  numerous  dividing  forms.  The  in- 
fections produced  in  this  manner  ivere  never  so  heavy  as 
those  found  in  "wild"  flies. 

Before  I  learned  of  Patten's  work,  I  had  carried 
out  certain  experiments  with  H.  rauscae-domesticae  in  the 
host  Phormia  regina,  which  seemed  to  demonstrate  conclusively 
that  the  flagellated  forms  nay  transmit  the  infection  under 
certain  conditions.   Because  a  different  method  of  attacking 
the  problem  was  employed  and  because  my  results  amplify  as 
well  as  confirm  Patton's  vfork,  it  seems  well  to  publish  them, 

"Clean"  (uninfected)  flies  v/ere  raised  in  the 
laboratory  bjr  the  following  method;  A  number  of  adult  flies 
were  put  in  a  covered  jar  with  a  piece  of  rat  flesh  or  ground 
beef.  After  the  female  flies  had  deposited  their  eggs  upon 
the  meat,  it  was  transferred  to  another  jar  with  an  inch  or 
two  of  sawdust  on  the  bottom  and  covered  with  cloth.   The 
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yoTJing  larvae  fed  upon  the  meat  until  they  reached  the 
adult  larval  sta^e,  when  they  migrated  dovm  into  the  saw- 
dust and  pupated.  Very  soon  after  hatching  the  flies 
vrere  etherized  or  chloroforned  and  distributed  anong  jars 
covered  ivith  cheese-cloth.   The  food  of  the  fly  consisted 
of  only  a  slightly  alkaline  (Ph  8)  dilute  sugar  solution. 
The  sugar  solution,  jars,  and  cheese-cloth  Y/ere  boiled  be- 
fore using,  and  while  in  use  v;ere  kerjt  inside  a  bookcase 
to  prevent  infected  flies  from  depositing  their  faeces 
upon  the  covers  of  the  .-jars. 

The  "clean"  flies  were  distributed  so  that  one 
container  held  about  thirty  flies  and  seven  others  twelve 
flies  each.   They  were  fed  sugar  solution  shortly  after 
hatching,  and  then  starved  for  twenty-four  hours.   At  the 
end  of  that  time  a  number  of  wild  flies  were  examined  micro- 
scopically for  parasites,  and  the  anterior  ends  of  several 
heavily  infected  intestines  were  teased  up  in  0,4:%   NaCl  solu- 
tion and  fed  to  the  flies  in  the  jar  containing  thirty  flies, 
which  we  shall  designate  as  jar  1.   Host  of  the  flies  fed 
upon  the  infected  material,  and  within  a  few  minutes  all  the 
liquid  had  either  been  eaten  by  the  flies  or  had  dried  up. 

At  the  end  of  intervals  of  one,  tvrelve,  twenty- 
four,  and  seventy- two  hours  from  the  time  of  feeding  the  in- 
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Text,  Fig.  2 

A  diagram  representing  the  plan  used  in  the  fly   infection 
experiment.  The  circles  represent  the  glass  jars  containing  flies; 
the  lines,  the  tine  intervals  between  the  time  v/hen  the  contents  of 
the  intestines  of  infected  flies  from  containers,  to  the  left  of  the 
line,  rrere  fed  to  the  flies  in  the  containers  to  the  right;  e.  g., 
one  hour  after  the  flies  in  jar  1  v;ere  fed  infective  material  a  few 
flies  -were  rsnoved  from  that  jar  and  examined  microscopically  for 
flagellates.  The  material  in  .vhich  active  flagellates  ".rers  found 
Tras  at  once  fed  to  the  flies,  in  jar  2. 
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fected  liquid,  flies  were  removed  from  jar^l  and  exemined 
for  flaj?;ellated  forms.   Upon  each  examination  flies  were 
found  which  still  held  in  their  intestines  some  of  the 
flagellates  which  they  had  ingested  e.t   the  thr:e   of  feeding 
the  infected  material.   The  intestinal  contents  of  such 
flies  ivas  at  once  fed  to  clean  flies  in  other  jars  which 
.we  shall  designate  as  jars  2,  4,  6,  and  8  (see  text  fig.  2). 

Five  hours  after  feeding,  several  of  the  flies 
in  jar  2  were  examined,  and  the  flagellate  stage  was  found 
to  be  present  in  the  intestines  of  some  of  them.   Immediate- 
ly the  infected  intestinal  contents  was  fed  to  flies  in 
jar  3,   In  like  manner  some  of  the  flies  in  jars  4  and  6 
were  examined  for  flagellates  at  respective  intervals  of 
12  and  24  hours  from  the  time  of  the  infective  feeding,  and 
the  intestinal  contents  from  each  was  fed  to  the  clean  flies 
in  another  container  (jars  5  and  7).   Further,  flies  were 
removed  from  jar  1  at  periods  of  96,  120,  144,  and  168  hours, 
and  15  days  after  the  original  infective  feeding. 

The  examination  of  flies  from  jar  1  at  intervals 
of  1,  12,  24,  72,  96,  120,  144,  168  hours,  and  15  days  from 
the  time  of  attempted  infection  proved  that  the  ingested 
flagellates  and  the  flagellates  which  arise  from  them  by 
binary  fission  may  be  found  in  the  intestine  after  these 
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periods  of  time.   At  intervals  of  ten  days  after  the  time 
they  fed  upon  the  infected  material,  the  flies  in  jars  2, 
3,  4,  5,  6,  7,  and  8  were  examined  microscopically  for 
parasites.   From  one-third  to  three-fourths  of  the  flies 
which  remained  alive  in  each  jar  carried  infections,  most 
of  then  fairly  heavy.      The  tremendous  increase  in  nuinbers 
shov/ed  that  the  flagellated  forms  originally  ingested  by 
the  flies  had  succeeded  in  establishing  themselves  and 
multiplying  in  the  flies  intestines. 

There  v/as  a  two-fold  reason  for  passing  the 
parasites  through  tv;o  and  three  hosts.   First,  if  there  had 
by  chance  been  an;/  cysts  in  the  original  infective  material 
'vhich  was  taken  from  the  anterior  ends  of  the  alimentary 
tracts  of  infected  "wild"  flies,  the  various  time  intervals 
-would  have  given  them  time  either  to  excyst  or  to  be  carried 
passively  through  the  flies   intestines.   Second,  it  proved 
that  there  is  no  definite  physiological  cycle  vfhich  must  be 
undergone  before  a  ?Terpetoraonas  ingested  by  one  host  is  infective 
to  another.   It  v/ill  be  remembered  that  Hinchin  and  Thompson 
(l915)  found  that  within  one-half  hour  after  a  rat  flea  has 
ingested  the  blood  of  a  rat  infected  with  Tr;/panosoma  lewisi, 
a  physiological  change  occurs  which  makes  the  tr3rpanosoae  in- 
capable of  infecting  another  rat  when  injected  into  it,  until 
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after  a  developmental  process  requiring  at  least  five  days 
has  tal:en  place.   These  fly  experiments  indicate  that  there 
is  no  comparable  obligatory  cycle  in  H.  muscae-doiaesticae 
which  must  take  place  before  one  Phormia  regina  fly  caji  be 
infected  from  another. 

Proper  controls  of  non- infected  flies  -A'ere 
examined  throughout  the  experiment.  Ten  flies  hatched  at 
the  seme  time  as  those  used  in  the  experiments  v/ere  exsm- 
ined  for  parasites  at  the  beginning  of  the  experiment  and 
were  found  to  be  negative.  Fifteen  others  were  kept  in  a 
separate  container  and  ten  days  after  hatching  7/ere  fo\ind 
to  be  negative. 

Ply  experiments  of  this  nature  would  be  of  little 
value  if  the  infection  could  be  transmitted  "hereditarily" 
through  the  ovijtb.  Prowazek  (1904)  claims  to  have  demonstrated 
that  the  ova  of  Sarcophaga  haemorrhoidalis  Fall  may  be  in- 
vaded by  Herpetomonas,  where  they  undergo  a  developmental 
process  and  infect  some  of  the  lar^rae.   Since  Prowazek  s 
observation  attempts  to  transmit  the  infection  "hereditarily" 
have  met  with  failure.   Houbaud  (l912)  working  7/ith  Pj^'-cno s oma 
putorium  and  Patton  (l910)  working  v/ith  I.iusca  nebulo  were  un- 
able to  demonstrate  hereditary  transmission  of  lyerpetononas. 
Patton  states,  "i.Iy  experiments  have  clearly  demonstrated  that 
Herpetomonas  muscae-domesticae  is  not  trajismitted  through  the 
eggs  of  luusca  nebulo. " 
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In  my  various  experiments  viith   various  species 
of  diptera,  I  have  employed  more  than  six  h\mdred  flies, 
largely  bred  from  infected  v;ild  flics.   A  generous  sampling 
of  these  flies,  about  140,  -v.'ere  examined  at  various  intervals 
after  hatching  for  control  purposes.   In  no  case  have  I  ever 
found  so  much  as  one  control  fly  infected.   These  flies  be- 
longed to  the  species  mentioned  in  the  first  part  of  this 
paper.   The  tv/o  following  experiments  were  done  with  Sar- 
cophaga. 

A  female  Sarcophaga  bullata  captiired  in  August 
carried  the  heaviest  infection  with  Herpetomonas  muscae- 
domesticae  7/hich  I  have  ever  found  in  a  fly.    The  abdomen 
carried  a  number  of  larvae  which  were  placed  on  a  piece  of 
fresh  meat  and  from  them  about  twenty-five  adult  flies  were 
raised.   Ten  of  these  flies  viere  examined  at  once  after  hatch- 
ing and  fifteen  others  after  an  interval  of  five  days.   Herpeto- 
monas •I'/as  not  found  to  be  present  in  the  intestines, 

A  female  Sarcophaga  se  cur  if  era  captured  the  ss^ne 
month  v/as  found  to  have  a  fairly  heavy  infection  with  Herpeto- 
monas muscae-domesticae.   Its  brood  ivas  kept  under  the  same 
conditions  as  that  of  _3.  bullata;  of  the  twenty-one  flies  v/hich 
hatched,  none  were  infected  after  two  days. 

It  must  be  admitted  that  neither  my  results  nor 
those  of  other  v/orkers  prove  conclusively  that  hereditary  in- 
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feet  ion  with  Herpetomonas  may  not  occur  exceedingly  rarely 
in  muscoid  flies.   At  any  rate  the  evidence  for  it  is  very 
meagre,  and  it  is  impossible  to  accept  this  part  of  Prowa- 
zek's  work  until  more  positive  experimental  evidence  is 
produced. 

The  exact  status  of  lan/al  infections  is  some- 
what complicated.  Prowazek  ( 1904 J  found  infected  Sarcophaga 
larvae.   Patton  (l910)  reported  that  the  full  groi-m  larvae 
of  Muse a  nebulo  were  not  infected,  but  that  he  had  found  a 
few  long  flagellates  in  very  young  larvae  which  had  fed  upon 
the  bodies  of  dead  infected  flies.   At  that  time  he  reported 
that  the  full-grown  larvae,  pupae,  and  adults  bred  from  such 
larvae  were  uninfected.   More  recently  (l921j  the  same  author 
reports  finding  larval  infections,  and  that  the  infection  is 
carried  through  the  pupae  stage  to  the  adult.   Iviackinnon  (l910) 
reported  larval  infections  in  the  case  of  Scatophaga  and 
Homolomyia,  but  was  unable  to  find  infected  larvae  of  Ljjsca 
domestioa.   Strickland  (1911)  was  unable  to  find  infected 
Luc ilia  larvae . 

During  the  months  of  July  and  August,  1922,  I 
exajnined  two  hundred  fly  larvae,  principally  Luc ilia  and  Phormia, 
in  various  stages  of  development,  taken  from  the  most  exposed 
places  in  '.iestport  dump  (Baltimore),   No  infected  larvae  could 
be  found.   I  also  examined  sixty  I.iusca  riomestica  larvae  tal:en 
from  a  pile  of  horse  m.anure,  but  I  foxmd  no  infections.  An 
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attempt  was  made  to  experimental Ijr  infect  the  larvae  of 
Sarcophaga  bvtllata,  the  adults  of  which  are  parasitized 
to  the  extent  of  about  fifteen  per  cent  in  nature.   A 
small  amount  of  ground  beef  was  thoroughly  mixed  with  the 
infected  intestines  of  about  twenty-five  Phornia  flies. 
The  flagellates  could  easily  be  found  microsconically  in 
the  liquid  from  the  beef.   Some  of  this  material  was  fed 
to  ten  uninfected  adult  flies  ( Sarcophaga  bullata).   Ten 
days  later  three  of  them  were  found  to  be  infected.   Thus 
the  ground  beef  was  proved  to  be  infective.   About  fifty 
young  larvae  were  placed  upon  this  beef,  and  then  left 
there  for  twenty- four  hours.   At  the  end  of  forty-eight 
hours  an  examination  of  the  intestines  of  ten  larvae  gave 
negative  results.  Examinations  of  the  la-irvae  made  each 
succeeding  day  for  one  v/eek  were  also  negative. 

It  is  difficult  to  draw  any  conclusions  from 
the  conflicting  observations  of  various  authors,  but  it 
seems  that  one  of  two  factors  must  be  at  work  here.   It  is 
possible  that  the  larvae  of  certain  species  of  muscoid  flies 
are  capable  of  infection  with  Herpetomonas,  and  that  certain 
others  are  not.   Then  there  is  the  other  possibility  that 
certain  environmental  conditions,  relating  to  temperature, 
moisture,  character  of  food,  flora  of  the  larval  intestine, 
etc.  are  factors  v;hich  determine  whether  or  not  larvae  can 
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be  infected.   Much  more  v;ork  needs  to  be  done  along  this 
line  in  order  to  deterrainc-  Y/hat  are  the  factors  which  de- 
termine the  presence  or  absence  of  infections  in  fly  larvae. 

Nomenclature.   * 

There  has  been  much  controversy  concerning  the 
generic  names  Lept^monas  and  Herpetomonas .   Kent  (I88I) 
gave  the  former  name  to  a  flagollate  from  a  free-living 
Nematode,  Trilobus  gracilis,  and  the  latter  to  the  flagellate 
from  the  house-fly,  the  descriptions  being  so  similar  that 
it  is  impossible  to  make  any  important  distinction  betiveen 
the  two.   The  fact  that  the  first  reviser,  Butschli  (l884) 
united  the  genera  Herpetomonas  and  Leptomonas  and  selected 
the  former  as  the  name  for  the  composite  genus,  and  the 
further  fact  that  the  type  species  of  Herpetomonas  is  easily 
obtainable,  v.-hile  the  type  species  of  Leptomonas  is  not, 
makes  it  obligatory  that  the  name  Herpetomonas  be  accepted 
and  Leptomonas  rejected.    (See  International  Rules  of 
Zoological  Nomenclature,  ."xticle  28).   This  decision  is 
necessary  in  spite  of  the  fact  that  in  Kent's  original  work 
Leptomonas  has  page  prior  it;)-  over  Herpetomonas. 


*  The  main  conclusions  regarding  nomenclature 
were  reached  after  communication  with  Dr.  C.  ?/.  Stiles,  to 
whom  I  am  very  much  indebted  for  his  opinion  on  the  subject. 
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The  specific  naiie  muscae-domesticae  was  original- 
ly ascribed  to  Burnett  by  Stein  (l878),  and  later  ascribed 
to  him  by  Kent  (I88I),  Hindla  (l?12),  and  other  writers  sub- 
sequent to  Stein.   In  spite  of  the  fact  that  ^iie   have  carefully 
read  sll  the  references  to  Burnett  given  by  Stein,  Kent,  and 
Hindle,  as  ivell  as  a  niimber  of  other  papers  by  Burnett,  v/e 
are  unable  to  find  that  he  ever  referred  to  this  species 
other  than  as  "Bodo  of  the  comrr.on  house-fly."   The  name 
muscae-domesticae  has,  therefore,  to  be  referred  to  Stein, 
although  previous  to  Stein  s  work  Leidy  had  proposed  the  name 
Bodo  rauscariAn  for  a"protohelminth"  from  from  the  fly  Musca 
domestica.   In  the  absence  of  either  a  recognizable  description 
of  the  parasite  or  a  reference  to  Burnett  s  description  we 
must  consider  Bodo  muscartin  a  nomen  nudum.   The  correct  nsjne 
of  this  protozoon  is,  therefore,  TIerpetononas  muscae-domesticae 
(stein,  1878,  nee  Burnett)  Kent  1881. 

Chief  synonyms  of  the  parasite  as  described  from 

I'usca  domestica  are 

Bodo  of  the  common  house-fly,  Burnett,  1852. 

Bodo  muse arum  Leidy,  1856,  nomen  nudum. 
Does  not  mention  Burnett. 

"Bodo  muscae  domesticae  Burnett"  of  Stein,  1878. 

Gercomonas  iauscae-domesticae  (stein,  1878) 

Stein,  1878. 

Gercomonas  muscae  Leuckart,  1879. 

Leptomonas  muscae-domesticae,  Dunkerly,  1911. 
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Conclusions. 

1.  Herpetomonas  mus c ae-domest icae  v;as  found  to 
be  entozoic  in  the  North  American  muscoid  flies,  '.iusca  dom- 
estical Phormia  regina,  Luc ilia  sericata,  Calliphora  erythro- 
cephala,  Gochlioir.yia  macellaria,  and  Sarcophaga  bull  at  a. 

2.  The  seat  of  infection  is  throughout  the  length 
of  the  alimentary  canal.   Infections  may  differ  very  much  in 
respect  both  to  the  number  of  parasites  present  9.nd  to  the 
localization  of  a  particular  stage  of  the  parasite  in  the  in- 
testine. 

3.  The  flagellate  in  its  life  history  exhibits 

the  adult  long  fla-ellated  form,  the  cyst,  and  the  intermediate 
stages  from  the  crithidial  to  the  trj^paniform  type. 

4.  This  flagellate  s?iov(s  no  indications  of  possess- 
ing a  C7/tostome,  nor  does  it  ingest  solid  food,  such  as  bacteria. 

5.  The  flagellum,  which  arises  from  the  basal  gran- 
ule, consists  of  foiar  parts,  the  fixie  intracellular  portion  or 
rhizoplast,  the  marginal  granule,  the  heavy  extracelltilar  portionj 
and  the  cytoplasmic  sheath  covering  the  extracellular  portion. 

6.  The  parabasal  body  stains  v/ith  Janus  green  after 
the  typical  mitochondrial  fashion. 
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7.  The  nucleus  is  vesicular  in  structure  and 
neither  in  the  resting  stage  nor  the  dividing  stage  exhibits 
a  centriole. 

8.  The  only  method  of  multiplication  found  was 
binary  fission.   The  nucleus  divides  by  paninitosis  ,  during 
iwhich  the  chromatin  is  resolved  into  a  nuiaber  of  fragments 
or  chromosomes,  usually  four  in  eacli  of  the  newly-formed 
daughter  cells, 

9.  Feeding  experiments  vrere  performed  T:hich 
indicated  that  the  flagellated  form  of  the  parasite  is  in- 
fective under  certain  conditions,  ssid   that  there  is  no 
obligatory  cycle  v/hich  must  be  comploted  before  the  para- 
sites of  one  host  are  infective  to  another. 

10.  No  evidence  for  hereditary  trans:.iission  of 
Herpetomonas  inuscae-domesticae  was  found, 

11.  Attempts  to  find  infected  larvae  or  to 
experimentally  infect  them  v;ere  failures,   Ip-fected  larvae 
of  some  species  of  flies,  hov^ever,  have  often  been  reported 
by  other  workers. 


Sxplanation  of  plate.   7igs.  1-20,  x   2140,  made  with  the 
aid  of  a  camera  lucida. 

1,  The  Herpetomonas  found  in  Sarcophaga  securifera. 

2,  an  ad-ult  unif  laze  Hated  H.  musoae-doniesticae. 

3,  a  biflage Hated  individual  with  an  aooidental 
arrangement  of  c^/toplasmic  granules  posteriorly 
from  the  parabasal  body  simulating  a  rhizostyle. 

4-6,  other  forns  with  the  double  flagellum. 

7,  a  division  stage  T?here  there  appesj-s  to  be  tr.-o 
and  three  chromosomes  in  the  daughter  nuclei, 

8,  four  chromosorass  distinctly  visible  in  each- 
daughter  nucleus. 

9,  parabasal  body  in  process  of  dividing.   It  happens 
here  that  an  achromatinic  filament  .joins  the  daug^^ter 
nuclei. 

10,11,  other  stages  in  division  of  parabasal  body, 

12,  an  abnornal  condition  in  an  advanced  stage  of  division 

where  both  daughter  nuclei  remain  in  the  same  cell, 

although  the  c:>'toplasm  of  the  parent  cell  has  comi^ienced 

to  divide  so  as  to  form  daughter  cells. 
13-rl4,  the  daughter  flagellates  have. almost  completed  the 

division  process,  the  nuclear  chromatin  still  remaining 

fragmented." 


32. 


15,  a  "monster." 

16,  the  parabasal  body  has  comnenced  to  migrate  posteriori;/. 
The  proximity  of  the  parabasal  body  to  the  nucleus 
makes  this  a  crithidial  stage. 

17,  the  parabasal  body  has  migrated  further  toward  the 
posterior  end,  and  the  cell  has  shortened  noticeably. 
Very  often  in  this  stage  the  parabasal  body  is  posterior 
to  the  nucleus. 

18,  an  extremely  small  trypaniform  tj^oe  which  is  about  to 
lose  its  flagelliim  to  become  a  cyst. 

19,  a  large  cyst. 

20,  representative  of  the  dried  flagellates  stained  by 

the  '"/right  method.   Parabasal  body  stains  deen  magenta; 

nucleus,  pink. 
21-33,  drawings  of  the  stages  in  nuclear  divisions,  not 

according  to  scale. 
21-25,  resting  nuclei. 
26-29,  elongation  of  nucleus,  first  indication  of  division 

in  the  nucleus. 
30,  a  nucleus  drawn  to  an  angle  with  the  longitudinal  a:cis. 

Very  often  the  chromatin  at  this  stage  is  fragmented. 
31-33,  nuclear  appearances  just  prior  to  the  constriction 

of  the  nucleus  into  two  daughter  nuclei.   In  Fig,  33, 

the  nuclear  chromatin  has  resolved  itself  into  eight 

discrete  granules,  four  of  which  will  probably  go  with 

each  daughter  cell. 
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Transraission  ^xperinents  on  the  Specificity  of  Herpetononas 
muscae-dorassticae  in  I.Juscoid  Flies.  * 


The  large  number  of  protozoan  parasites  vrhich  have 
been  given  specific  nanes  that  refer  to  their  anir.al  hosts 
indicates  the  strong  belief  of  parasitologists  in  host  speci- 
ficity.  In  many  instances  the  results  of  morphological  and 
experimental  investigation  have  justified  such  a  belief. 
The  recent  careful  morphological  studies  of  Simon  (1922} 
and  Hegner  (1922),  as  v;ell  as  the  earlier  studies  of  Kofoid 
and  his  co-vrorkers,  shai7  that  the  species  of  Giardia  living 
in  man,  meadoar  nice,  rats,  dogs,  and  rabbits  are  distinguish- 
able.  The  feeding  experiments  of  Simon  (1922)  suggest  a 
rigid  host  specificity  for  Giardia.  Failure  to  find  anim.al 
reservoirs  for  human  infections  v/ith  Giardia,  ilndamoeba 
histolytica,  and  the  three  forms  of  human  malaria  have  some- 
-.•■'hat  intensified  the  general  belief  in  absolute  host  speci- 
ficity. 

The  -.Torkers  irho  have  investigated  the  flagellate 
parasites  of  the  non-biting  muscoid  flies  have,  as  Alexeieff 


*  This  paper  is  the  third  of  a  series  concerning  the  haemo- 
flagellates  living  in  the  intestines  of  insects.  Tlie  T.'riter 
is  indebted  to  Drs.  R.  "T.  Hegner  and  '.7.  H.  Taliaferro  for 
many  helpful  suggestions  and  criticisms.  Thanks  are  due  to 
Dr.  F.  I.!.  Root  for  identifying  the  species  of  flies  for  me 
and  for  his  friendly  interest  in  the  fly  infection  experi- 
ments. 
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(1913  aj  pointed  out,   assumed  that  a  Herpetomonas  found  in 
a  host  -.There  it  had  not  previously  been  noted  is  a  nevr  spe- 
cies.     The  result   is  that  the   literature   contains  descrip- 
tions  of  a  large  number   of  species   of  Herpetomonas  v/hich 
are  hardly  distinguishable.     Alexeieff   (1913  b)  lists  as 
synonyms   of  Herpetomonas  muscae-domesticae ,   Le pt omonas 
drosophilae  Chatton  and  Alilaire,    L..   pycnosomae  Pioubaud, 
L.   ampelophilae   Chatton  and  A.    Leger,  and  Herpetomonas 
luciliae  Strickland.      To  his   list   I  should  add  H.   oalli- 
phorae  Sv/ingle ,  H.   sarcophagae  Provj-azek,  and  H.   homalomyiae 
Brug.      In  his  various  vrritings  Patton  has  avoided  the   common 
error  by  noting  that  Herpetomonas  r-iuscae-domesticae  niaj^  be 
present   in  a  number  of  species   of  hosts. 

Alexeieff   (1913  b)   justified  his  grouping  of  a 
large  number  of  supposed  species   of  Herpetomonas   into  three 
species   on  strictly  morphological  grounds.     He  axgues  that, 
since  in  the  protozoa  xre  can  neither  apply  the  specific  test 
of  cross  fertilization  nor  use  the  delicate   cultural  reactions 
upon  TThich  bacteriologists   depend,  vre  must  use  morphological 
criteria  alone   in   classifying  protozoa.      He   further  makes 
the  debatable  statement  that   physiological  differences   of 
specific  importance  bet-.reen  organisms  have  their  recoil  in 
the  morphology. 
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It  iras  for  the  purpose   of  detemining  harr  far 
Alexeieff's  assvunption  of  the   identity  of  a  nunber  of  the 
Herpetomonas  entozoic  in  the   common  non-biting  nuscoid 
flies,  based  upon  morphological  grounds,  trould  be  sub- 
stantiated by  cross   infection  experiments,  that  these  ex- 
periments v/ere  undertaken.     To  state  the  problem  in  a 
question,    —  if  the  type  of  Herpetomonas  knotm  as  Herpeto- 
monas muscae-domesticae  is  morphologically  alike   in  a  number 
of  different   species   of  hosts,  night  there  not  be  physiologi- 
cal difforsnces  v.'hich  have  not  manifested  thomselTes   in  the 
morphology  of  the  flagellate  markedly  enough  to  be  detect- 
able,  yet   of  sufficient  importance  to  render  the  parasite 
incapable   of  living,  multiplying,   and  establishing  a  normal 
infection   in  any  species   of  host   other  than  that   in  vz-hich  it 
is  found  in  nature? 

An  examination   of  a  large  nunber  of   'Vrild"  flies 
captured  during  the   summer  of  1922  sho^/irod  that   flagellates 
of  the  type  described  by  Proimzek   (1904)  as  Herpetomonas  miis- 
cae-domesticae  may  be  present  in  a  number  of  species  of  hosts. 
This  flagellate  may  be  found  naturally  in  Phorraia  regina,   Lu- 
cilia  sericata,  llasca  donestica,   Gochliomyia  macellaria,   Cal- 
liphora  erythrocephala ,   and  Sarcophaga  bullata.      Sixty-six 
per  cent   of  Phorraia  regina  vrere   infected,  but  not   over  twro  or 
three  per   cent   of  Ilusca  domastica,  although  a  record  of  the 
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incidence  of  infection  of  the  latter  species  v;as  not  kept. 

The  question  nay  be  raised  as  to  vmether  the 
herpetoBonads  of  these  various  species  of  flies  are  similar 
enough  morphologically  to  be  considered  a  single  species. 
After  studying  a  number  of  slides  of  the  parasite  from  each 
species  of  host,  it  soon  became  evident  that  -.rhether  one  or 
several  species  vraro  represented,  it  v/as  impossible  to  make 
any  distinctions  of  specific  importance.   It  is  Herpetomonas 
mu s cae -domes t icae  vrhich  Prowazek  (1904)  incorrectly  described 
as  a  biflagellate,  because  of  its  tendency  to  continue  in  a 
state  of  division,  vrith  -.rhich  vre  are  concerned  here.   It  lias 
the  prominent  marginal  granules,  basal  granules,  deep  stain- 
ing parabasal  body,  and  vesicular  nucleiis  v.-ith  a  thin  achro- 
matinic  nuclear  membrane.  As  vras  noted  in  a  previous  paper 
(Becker,  1925),  t.To  other  types  of  Herpetomonas  may  be  found 
in  muscoid  flies.  T!ie  one  is  smaller  than  H,  muscae-domesti- 
cae ,  does  not  exhibit  the  almost  constant  biflagellated  ap- 
pearance, and  has  no  visible  marginal  granules.   It  is  pro- 
bably the  same  as  "Grithidia"  calliphorae  Sr/ellengrebel,   The 
other  type,  like  H.  mus cae -domest icae,  sho-.rs  a  tendency  to-.rard 
the  biflagellated  division  condition,  lias  visible  marginal  and 
basal  granules,  but  differs  from  H.  muscao -dome st icae  in  that 
it  has  a  nucleus  T/ith  a  pronounced  achromatinic  nuclear  mem- 
brane and  a  small  central  karyosome.  But  in  regard  to  the 
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H.  au3cae-domesticae_  type,  're  rmst  accept  Alexeieff's 
opinion  that  this  morphological  type  of  flagellate   occurs 
in  a  nunber   of  different   species   of  hosts. 

In   order  to  determine  vrhethor   or  not  the  flagel- 
lates entozoic  in  the  alimentary  canal  of  a  fly  of  one  spe- 
cies nay  possess  physiological  characteristics   -.rhich  make 
it   incapable   of  carrying  on  its  vital  activities   in  the 
alimentary  canal   of  a  host   of  a  closely  related  species , 
and  incapable   of  prodticing  there  a  natural  infection, 
certain  factors  are  necessary. 

First,  naturally  infected  flies    ('Hrild"  flies) 
must   be  available. 

Second,  the  flies  to  be  tested  for  their  suscepti- 
bility to  parasites  taken  from  hosts  of  another  species  iiust 
be   "clean";   i.e.,    it  must  be  definitely  knovm  that  these  flies 
are  not   alreadj''  infected  at  the  beginning  of  the  experiment  and 
tliat  they  are   not  exposed  to  accidental  contamination  after  the 
time  of  intentional  inoculation. 

Third,  the  nature   of  the   infection  produced  in  the 
artificially  infected  flies  must  not  be  unlike  that  found  in 
'Vild"  flies;   i.e.,  the   parasites  inoculated  per  os  into  the  new 
host  must  establish  themselvss   in  the  alimentary  canal,  raultiply, 
produce  the   sajne  stages   in    bheir  life  history  as   in  the  host   in 
■vhich  they  vrere  naturally  found,   and  these  parasites  must  be  in- 
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fective  to  other    ''clean''  flies  under   conditions   siiaulating 
those   in  nature. 

"YJild"  infected  flies   of  the  species   noted  above 
were  generally  obtained  by  trapping,  but  in  some  cases  the 
fly  stratter  tras  resorted  to.      "Clean"  adult  flies    (except 
Eusca  doEiestica)  vrere   raised  from  the  egf^s   in  the   laboratory 
by  the  method  described  in  a  previous   paper    (Becker,   1923). 
These  flies  belonged  to  the  same   species  as  the    "wild"  flies 
found  to  be   infected  vrith  flagellates   of  the  li.   triu s cae -d ome st i - 
cae  type;  viz,  Phormia  regina,   Lucilia  sericata,   Galliphora 
erythrocephala ,   Sarcophaga  bullata,   and  Cochlioayia  inacellaria,. 
I'usca  donestica  v/as  raised  from  larvae   collected  from  horse 
manure.     Si:cty  such  larvae  v^-ere  examined  for  Horpetomonas  and 
found  to  be  negative.     Adults  ercamined  immediately  after  hatch- 
ing and  one  to  "triTo  weeks  after  hatching  vrere  always  found  to  be 
free  from  flagellates,  as  were  the   controls  to  be  mentioned 
later.      It   is   necessary  to  emphasize  the  fact  that   in  this  case 
the   larvae  and  adults  raised  from  the  uninfected  larvae  were 
negative  for  Herpetomonas ,  because  Patton    (1921)  recently  dis- 
covered that  the  larvae  of  llusca  nebulo  vrere  infected  v;ith  a 
Herpetomonas  which  persisted  through  the  pupa  to  the  adult. 
The  freedom  of  Llisca  domestica  larvae  from  Herpetomonas   in- 
fection in  the  vicinity  of  Baltimore  may  be  explained  by  the 
low  incidence   of  infection   of  the  adults,    not   over  three  per 
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cent  at  most.     As  vrill  be  shcn-m   later,   it   is   possible 
that  even  the  adults  got  their  infections  froiii  flies   of 
other   species.      Immediately  after  hatching  the  adult  flies 
".rere   chloroformed  and  put  into  sterile  glass   jars   covered 
Tfith  sterile  cheese-cloth.     For  each  species   of   "clean" 
fly  there  vrere  seven  containers ,   six  of  then  to  be  used 
in  the  infection  experiments  and  the  seventh  for  a  control. 

The  method  of  conducting  the  experiment  was  as 
follotrs.      The  flies  -.Tore  fed  dilute  cane   sugar  solution  made 
slightly  alkaline    (Ph  8)  until  within  tv/enty-four  hours   of 
the  time  when  they  v/ore  to  be  given  an  infected  meal.     After 
twenty-four  hours   of  starvation  the  flies  vrere  given  a  meal 
consisting  of  a  few  drops   of  0.4  saline   solution  in  which  had 
been  emulsified  part   of  the  contents   of  an  intestine  heavily 
infected  -rith  Herpetomonas.     After  the  time  of  inoculation 
per   OS  the   only  food  of  the  fly  consisted  of  the  dilute   sugar 
solution.     The  alimentary  canals   of  the   inoculated  flies  wore 
removed  and  examined  microscopically  for  Herpetomonas  from  one 
to  tvro  weeks  after  the  time   of  feeding  the  infected  material. 
The  follov;ing  sur.nary  outlines  briefly  the  important  details 
and  results   of  the  experiments.     The  numbers   of  infected  and 
uninfected  flies  are  based  upon  the  flies   remaining  alive,   since 
many  of  the  flies   died  and  dried  up  during  the   interval  bet.reen 
inoculation  and  examination. 
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[.      Infection  experiments  "ivith  "-."iusca  domestica,  hatched 
July  23rd. 
A.      1.   Fed  Herpetomonas  from  Fhormia  regina  July  25th. 
ISxanined  for  parasites  August  5th. 
Negative  4. 
Heavily  infected  5.    * 
Liglitly  infected  4.    * 

2.  Fed  Herpetomonas  from  Lucilia  sericata  July  24th. 
lixanined  for  parasites  Au[;ust  5th. 

Negative  1. 
Heavily  infected  7. 
Lightly  infected  3. 

3.  Fed  Herpetononas  fron  Calliphora  erythrocephala 
July  27th. 

Sxajnined  for  parasites  August   5th. 
Negative  4. 
Heavily  infected  5. 
Lightly  infected  6. 

4.  Fed  Herpetomonas  fron  Cochlioayia  nacellaria 
July  27th. 

Examined  for  parasites  August  5th. 

Negative  0. 

Heavily  infected  10. 

Lightly  infected  1. 

*  Heavily  infected  means  that  the  alimentary  canal  of  the  fly 
vras   literally  filled  with  the   flagellates.      Lightly  infected 
may  mean  anything  from  the   condition  -.there  the  flagellates 
are   socevrhat   less  in  numbers  to  the   condition  vrhere  very  fev; 
are  present. 
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5.   Fed  HGrpetoinonas  from  Sarcoplmga  bullata 
July  26th. 

Examined  for  parasites  August  5th. 
Negative  2. 
Heavily  infected  2. 
Lightly  infected  5. 
B.     Controls   -  Examined  for  parasites  August   5th. 
Negative  16. 
Positive     0. 
II.    Infection  experinents  vfith  Phormia  regina,  hatched 
August   1st. 
A.    1.     Fed  Herpetononas  from  I'M  sea  domestica  August   2nd. 
Exanined  for  parasites  August   11th, 
negative  1. 
Heavily  infected  6. 
Lightly  infected  2. 

2.  Fed  Herpetomonas  fron  Lucilia  sericata  August   2nd. 
Exa-niined  for  parasites  August   11th. 

Negative  4, 
Heavily  infected  6. 
Lightly  infected  7. 

3.  Fed  Herpetomonas  from  Calliphora  eryfahrocephala 
August  2nd. 

Exa.mined  for   parasites  ilus^-ust   11th. 
Negative  4. 
Heavily  infected  7. 
Lightly  infected  4. 
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4,  Fed  Herpetomonas  from  Gochliopyia  macellaria 
August   2nd. 

Examined  for  parasites  August  11th. 
Negative  4. 
Heavily  infected  6. 
Lightly  infected  4. 

5.  Fed  rferpetomonas   from  Sarcophaga  bullata  .^gust  2nd, 
Exanined  for  parasites  August  11th. 

negative  2. 
Heavily  infected  8. 
Lightly  infected  4. 
B.   Controls   -  Exanined  for  parasites  August  11th. 
negative   17. 
Positive  0. 
III.    Infection   experiments  v/ith  Lucilia   s  or  i  cat  a,   hatched 
July  26th. 

A.   1.  Fed  Herpetomonas  from  Phormia  regina  July  27th. 
Examined  for  parasites  AugiJst   5th. 
negative  0. 
Heavily  infected  15. 
Lightly  infected  1. 
2.  Fed  HertjetoQonas   from  l.lusca  domsstica  Jul;/  28th. 
Examined  for  parasites  August   5th. 
negative  2. 
Heavily  infected  7. 
Lightly  infected  3. 
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3.  Fed  Herpetoponas  from  Calliphora  erybhrocephala 
July  27th. 

Exaniined  for  parasites  August  5th. 
Negative  2. 
Heavily  infected  6. 
Lightly  infected  7. 

4.  Fed  Herpetotr.onas   from  Coohliomyia  macellaria 
July  27th. 

Zxanined  for  parasites  August  5th. 
Negative  0. 
Heavily  infected  3. 
Lightly  infected  2. 

5.  Fed  Herpetoinonas  from  Sarcophaga  bullata  July  27th. 
Examined  for  parasites  August  5th. 

Negative  3. 
Lightly  infected  4. 
B.   Controls   -  Examined  for  parasites  August  5th. 
Negative   23. 
Positive   0. 
IV.    Infection  experiments  vrith  Calliphora  erythrocephala, 
hatched  August  3rd. 
A.    1.  Fed  Herpetomonas  from  Lucilia  sericata  August  7th. 
Examined  for  parasites  August    17th. 
Negative  4. 
Heavily  infected   1. 
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2.  Fad  HQrpgtomonas  from  Fnoraia  regina  Aur^ust  7th. 
lixaiained  for  parasites   August   17th. 

WesativQ  4. 
Heavily  infected  1. 
Liglitly  infected  2. 

3.  Fed  Herpetononas  from  Lxtsca  domestica  August  7th. 
Examined  for  parasites  August  17th. 

Kegative   5. 
Lightly  infected  2. 

4.  Fed  Herpetomonas  from  Cochlionyia  nacellaria 
August  7th. 

Sxat::in9d  for  parasites  August   17th. 
Kegative  5. 
Lightly  infected   1. 

5.  Fed  Herpatoiaonas  from  Sarcophaga  bullata  Au;^st  7th. 
Sxanined  for  parasites  August  17th. 

Negative  4. 
Heavily  infected  3. 
Lightly  infected  1. 
Controls   -  Iilxa:r.ined  for  parasites  August  17th. 
Negative  14. 
Positive  0. 
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V.    Infection   experiments  vrith  Cochlionyia  macellaria, 
hatched  August   1st. 

A.   1.   Fed  Iferpetoinonas  from  Calliphora  erythrocephala 
August  2nd. 

Examined  for  parasites  August   11th. 
Ifegative   4. 
Lightly  infected  3. 

2.  Fed  Herpetononas  from  Lli cilia  sericata  August   2nd. 
Examined  for  parasites  August  11th. 

Negative  7. 
Lightly  infected  3, 

3.  Fed  Herpetoiaonas  from  Phormia  regina  August   2nd. 
Examined  for  parasites  August   11th. 

Negative   6. 
Lightly  infected  2. 

4.  Fed  Herpetomonas  from  lit  sea  domestica  August   2nd. 
Examined  for  parasites  August  11th. 

Negative  4. 
Heavily  infected  4. 
Lightly  infected  4. 

5.  Fed  Herpetomonas  from  Sarcophaga  bullata  August  2nd. 
Examined  for  parasites  August  11th. 

Negative  4. 
Heavily  infected  2. 
Lightly  infected  2. 
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B.  Controls  -  2xarained  for  parasites  August  11th. 
Negative  10, 
Positive  0. 
VI.  Infection  experiments  with  Sarcophaga  bullata,  hatched 
August  8th. 
A.  1.  Fed  Herpetononas  from  Cochlioayia  inacellaria 
August  9th. 

Examined  for  parasites  August  2l3t. 
Negative  4. 
Heavily  infected  2. 
Lightly  infected  2. 

2.  Fed  Herpetomonas  from  Calliphora  er^H:hr ocephala 
August  9th. 

Examined  for  parasites  Au.gust  21st. 
Negative  5. 
Heavily  infected  2. 
Lightly  infected  4. 

3.  Fed  Herpetomonas  from  Lucilia  sericata  August  9th. 
Zisamined  for  parasites  August  21st. 

Negative  4. 
Heavily  infected  4. 
Lightly  infected  6. 

4.  Fed  Herpetomonas  from  Phormia  rogina  August  9th. 
Examined  for  parasites  August  21st. 

Negative  3. 
Heavily  infected  3. 
Lightly  infected  1. 
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5.   Fed  Herpetomonas  fron  Lit  sea  donestica  August  9th. 
Examined  for  parasites  Au,;^st  21st. 
Negative  4. 
Heavily  infected  2. 
Lightly  infected  1. 
B.   Controls   -  Exanined  foi-  parasites  iiugust   11th. 
Ifegative   12. 
Positive  0. 

In  addition  to  these  experiments  a  nunbor  of  labora- 
tory bred  flias  belonging  to  the   species  Ilorellia  nicans  and 
Sarcopliaga  se  cur  if  era  trere  fed  Herpetomonas   fron  Lucilia  seri- 
cata.     An  e-ouninat i on  raade  nine  days   later  shovred  that   out   of 
nine   of  the  forraer,   one  was   infected;   and  out   of  fourteen  of  the 
latter,  t-.ro  T/sre   infected.     Unfortunately  no   controls  -.rere  kept. 

It  might  be  •.rell  also  to  mention  here  that  attempts 
to  infect  Phormia ,    Lucilia,   and  Liu  sea  flies  with  Herpetomonas 
from  Drosophila  melanogaster  v/sre  unsuccessful.      Likevrise,   at- 
tempts to  infect  Drosophila  melanogaster  vrith  Herpetomonas  from 
Fnormia  r^egina  vrere  unsuccessful.     The  experiment  needs  to  be 
repeated. 

The   results   of  these  experiments  indicate  very 
plainly  that  the  Herpetomonas  which  occurs  naturally  in  the 
six  species   of  nuscoid  flies  mentioned  above  is  non-specific 
for   its  host  to  the  extent  that  parasites  fron  any  one  of  the 
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hosts  can  produco  an  infection  in  the  other  five.   In  nany 
of  the  infections  noted  as  heavy,  the  flagellates  vrere  as 
numerous  as  in  the  heaviest  infections  found  in  nature,  in 
-.rhich  the  intestine  is  literally  blocked  v;ith  its.  inhabi- 
tants. So  far  as  could  be  ascertained,  the  sanie  stages  in 
the  life  history  -.Tero  found  in  the  inoculated  flies  as  are 
found  in  naturally  infected  'H/ild"  flies;  viz,  the  adult 
flagellate,  the  trypanif orra,  the  cyst,  and  dividing  stages. 
iVfter  sone  of  these  cross -infection  experiments 
had  been  completed,  it  occurred  to  the  -xritor  that  in  nature 
a  fly  of  one  species  must  often  ingest  by  fecal  contaiaination 
of  its  food  flagellates  indigenous  to  other  species.  Perliaps 
some  of  these  accidentally  ingested  organisms  had  originallji- 
cone  from  the  same  species  of  fly  as  the  one  to  -.rhich  the  in- 
fected material  was  fed.   In  such  a  case  it  might  f olloTr  that 
the  infection  '.rhich  appeared  in  the  inoculated  fly  might  actual- 
ly have  been  caused  by  one  or  more  parasites,  -hich  originally 
cane  from  the  same  species  of  fly  as  the  intentionally  inoculated 
fly,  and  tb^t  the  infection  so  produced  did  not  come  at  all  from 
the  parasites  indigenous  to  the  other  species.  For  example,  a 
fly  of  the  species  Ilusca  domestica  night  eat  a  drop  of  liquid 
garbage  upon  vrhich  a  fly  of  the  species  Phoi-mia  rogina  had  pre- 
viously deposited  its  excreta  contaminated  -.rith  cyst  and  flagel- 
lated forms  of  Herpetom.onas.   If  norr  the  contents  of  the  intestine 
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of  this  :..'usca  domestica  'iTero  fed  to  a  "clean"  Phornia 
regina,  it  is  quite  certain  that  the  Fhornia  v/ould  become 
infected  v^hether  or  not  the  parasites  supposedly  indigenous 
to  Musca  donsstica  played  any  part  in  producing  the  in- 
fection. 

It  "iTas  decided  to  pass  the  Herpetononas  fron 
one  species  of  fly  tlirough  a.  number  of  hosts  of  different 
species  in  order  to  eliminate  this  possibility  of  error. 
Accordingly,  the  follovring  tiro  experiments  -iTero  carried  out. 

Experiment  A. 

Au'mst  15.      Herpetomonas   from  'Vrild"  Lucilia 


sericata  was  fed  to   "clean"  Phormia  rogina. 

August  50.      The   intestinal  contents   of  one   of 
the  heavily  infected  Hiormia  regina   (inoculated  August  15th) 
T/ras  fed  to   "clean"  Sarcophaga  bullata. 

September  7,  The  intestinal  contents  of  one  of 
the  heavily  infected  Sarcophaga  bull  at  a  (inoculated  Aujgust 
30th)  was   fed  to   "clean"  Lucilia  sericata. 

September  20.     Bxamination   shoTred  that   some   of  the 
Lucilia  sericata    (inoculated  Septeniber   7th)  wore  infected. 

Experiment  B. 

September  24.  Ho  r  pet  org  ona  s  from  'Hrild"  Lucilia 
sericata  was    fed  to   "clean"  Sarcophaga  bullata. 


53. 


October  7.     3xanination   sheaved  that   some   of 
the  Sarcophaga  bullata  flies   inoculated  September  24th 
were  infected  vrith  Herpetononas.      Ten  vrhich  rrere  not  ex- 
amined v.'Qre  placed  in  a  jar  containing  a  number   of  "clean" 
Phorinia  regina  flies. 

October  31.     Six  of  the   seven  Phornia  regina 
renaaining  alive  'ixere  found  to  be   infected  vrith  Herpetononas. 
Three   of  the  Sarcophaga  bullata  vriiich  remained  alive  were 
infected  vrith  Herpetomonas. 

Fron  ten  to  twenty  of  each  lot   of  laboratory 
bred  flies  vrere  e:canined  as  a  precaution  against  accidental 
contamination  and  "hereditary"  transmission  through  the   ovary. 
Ho  laboratory  bred  flies  vrore  ever  found  to  bo  infected  "Which 
had  not  been  purposely  inoculated  per   os. 

The  results   of  those  experiments  preclude  the 
possibility  that  the  infections  v/ere  carried  out  vrith  con- 
taminated material.      It  is  unthinkable  that  the  parasites  from 
Lucilia  vrould  passively  be  carried  through  Phormia  and  Sarcophaga, 
and  fcrenty-three  days  after  the  time  they  vrere  taken  from  Lucilia 
again  be  infective  to  it    (Experiment  A),      The  further  likelihood 
that  the  first  Lucilia  carried  in  its    intestine  flagellates   in- 
digenous to  Phormia  and  Sarcophaga  is  slight. 
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Experiment  B  .justifies  much  the  same  conclusions 
as  Experiment  A,  and  in  addition  sho-;;s  that  herpetononads 
which  -.vere  taken  from  one  species  of  fly  and  passed  through 
two  hosts  of  another  species  could  infect  a  fourth  species 
by  fecal  contamination,  the  probable  natural  method  of  trans- 
mission of  the  parasite.   It  might  be  added  that  these  two 
experiments  demonstrate  the  non-specificity  of  H.  muscae- 
domesticae  quite  as  v/ell  as  the  previously  noted  experiments, 
althous-h  not  so  many  species  of  flies  viere   used. 

It  v;as  found  that  one  species  of  fly  might  be 
infected  with  herpetomonads  from  other  species  by  inoculation 
per  OS  v.'ith  the  contents  of  the  entire  infected  intestine 
diluted  with  saline  solution.   The  question  arises  whether 
cross-infection  of  species  occurs  in  nature,  or  whether  in 
nature  certain  peculiar  biological  conditions  obtain  which 
prevent  this,  as  Roubaud  (1912)  has  suggested. 

If  a  piece  of  putrifj'-ing  meat  is  put  outside  the 
v/indow  on  a  warm  sumiier  day  and  watched,  one  can  observe  that 
many  different  kinds  of  flies  alight  upon  the  meat  to  feed  or 
to  deposit  their  eggs.   I  have  observed  Phormia  and  Luc ilia 
in  large  numbers,  Saroophaga  of  various  species,  Calliphora, 
Gochliomyia,  Muse  a  domestic  a,  Ivluscina  stabulans,  and  other  spe- 
cies of  flies  settle  upon  the  same  piece  of  meat  in  the  course 
of  one-half  of  an  hour.   Apparently,  conditions  are  quite  favor- 
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able  for  contamination  of  the  food  of  a  fly  with  excreta 
from  flies  of  other  species. 

In  order  to  determine  whether  or  not  natural 
cross-infection  actually  obtains,  the  following  exoeriment 
was  carried  out. 

Experix-.ent  C.  About  fifty  "v/ild"  Lucilia  vere 
captured  and  released  in  a  glass  aquarium  jar  in  the  bottom 
of  which  was  a  dead  rat  with  intestines  exposed.  The  flies 
v/ere  given  an  opportunity  to  contarninate  the  rat  v.'ith  their 
feces  for  a  period  of  two  hours.  Fifteen  of  the  flies  v/ere 
examined  for  Herpetomonas ,  nine  of  them  being  positive. 

These  Lucilia  flies  were  released,  and  a  number 
of  Phormia,  Lucilia  and  Sarcophaga  flies  were  liberated  within 
the  aquariiim-  .jar.  After  they  had  fed  upon  the  rat  for  six 
hours,  the  flies  were  etherized,  placed  in  clean  glass  con- 
tainers, and  fed  dilute  sugar  solution.   Tv/elve  days  later  the 
flics  were  examined  for  Herpetomonas  v;ith  the  following  results: 

Species  Number  examined       Positive  infections 

Lucilia  sericata  18  10 

Phormia  regina  21  15 

Sarcophaga  bullfeta         10  2 

Controls 
Lucilia  sericata  10  0 

Phormia  regina  10  0 

Sarcophaga  bullata         10  0 
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It  is  evident  from  the  above  data  that  the  in- 
fected Luc ilia  flies  could  transmit  the  infection  to  flies 
of  the  same  and  of  t-.vo  other  species  under  conditions  as 
nearly  natural  as  is  possible  to  make  them  in  the  laboratory. 

Discussion 


Roubaud  (l912j  attempted  to  infected  Pycnosoma 
putoriuia  v/ith  "Gercoplasma"  mirabilis,  Leptomonas  from  Pyrel- 
lia,  and  Cystotrypanosoma  grayi  from  Glossina,   In  the  absence 
of  positive  results  he  dre-iv  the  conclusion  that  the  facts  in- 
dicate a  great  degree  of  specificity  of  the  different  types 
of  flagellates  for  their  mjscoid  hosts.   Likev;ise,  the  mor- 
phological studies  of  Chatton  and  Leger  (l911)  seem  to  indi- 
cate that  each  species  of  Drosophila  has  its  ovm   tjroe  of  para- 
site.  These  results  are  hardly  what  one  should  expect,  judging 
not  only  from  the  experiments  with  Herpetomonas  muscae-domesti- 
cae,  but  also  from  the  evidence  furnished  in  the  case  of  trypano- 
sorp.es  and  their  intermediate  hosts.   It  has  been  demonstrated 
that  Trypanosoma  le-.visi  develops  in  almost  every  sinecies  of 
flea  with  which  experiments  have  been  carried  out.   Furthermore, 
it  develoos  in  the  rat  louse,  Haematopinus  spinulosus.  Bud   in  the 
bed-bug,  Cimex  lectulg.rius  (llinchin  and  Thompson  1915).   Trypano- 
soma  cruzi  develops  in  four  species  of  the  genus  Triatoma  and  in 
one  species  of  Rhodnius.   It  is  not  surprising  that  ^'erpetomonas, 
which  is  closely  related  to  Trypanosoma  biologically,  should  show 
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a  lack  of  rigid  adaptation  to  a  particular  species  or  penus 
of  host, 

Alexeieff  (1913)  laid  dorm  the  two  following 
principles  as  a  basis  for  general  parasitology: 

1.  One  species  of  parasite  may  be  harbored  by 
different  hosts,  sometimes  quite  removed  from  each  other  in 
the  zoological  scheme. 

2.  A  host  may  harbor  tv/o  or  more  closely  related 
species  of  parasites. 

There  can  be  no  disputing  the  correctness  of  these 
tv/o  fundamental  concents.   The  herpetoinonads  of  at  least  six 
muscoid  flies  are  easily  transferrable  from  one  species  of  host 
to  another.   Then  there  is  the  evidence  from  the  non-specificity 
of  trypanosones  for  their  intermediate  hosts.   This  and  much 
more  evidence  might  be  brought  to  bear  in  support  of  the  first 
principle.   Probably  as  many  facts  could  be  marshalled  for  the 
second  principle  as  for  the  first.   The  muscoid  fl3r  Calliphora 
erythrocenhala  is  knovm  to  harbor  tr;o  distinct  types   of  Herpeto- 
monas  (Swellengrebel  1911).   The  rat  flea  may  harbor  both 
Herpetomonas  and  T.  le-;;isi  often  to  the  confusion  of  the  in- 
vestigator.  Anyone  without  practical  experience  v/ho  attempts 
to  distinguish  between  the  free-living  stages  of  the  human  ejnoebae. 
End  amoeba  coli  and  "Snd  amoeba  histolyt.ica  will  realize  the  truth 
of  this  second  principle  of  Alexeieff, 
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V.'hile  it  is  important  to  realize  the  non-existence 
of  absolute  specificity  of  the  parasites  for  their  hosts,  it 
must  be  kept  in  mind  that  some  parasites  do  manifest  a  most 
rigid  choice  of  host.   The  human  plasmodias,  trypanosomes  of 
some  of  the  lovier  animals,  and  many  of  the  intestinal  protozoa 
of  man  have  never  been  successfully  cultivated  in  any  animal 
other  than  their  indigenous  hosts.   But  instances  of  this 
nature  should  not  supply  an  a  priori  justification  for  neglect- 
ing to  investigate  the  specific  host  relationships  of  animal 
parasites. 

SUMMARY 

1.  The  ti-zpe  of  Ilerpetomonas  knovm  as  JI.  muscae-domesticae 
was  found  to  be  entozoic  in  the  alimentary  canals  of  the  mus- 
coid  flies  i.-usca  domestica,  phonr.ia  regina,  Luc  ilia  sericata, 
Sarcophaga  bullata,  Cochliomyia  mace liar ia  and  Calliphora 
er3rthrocephala;. 

2.  The  flagellate  from  any  one  of  these  six  species  of  "wild" 
naturally  infected  flies  was  capable  of  producing  a  natural 
infection  in  the  other  five  species  of  "clean"  laboratory;-  bred 
flies  when  inoculated  per  os  (Experiments  1-6), 

3.  That  cross-infection  v/as  not  due  to  accidental  contamina- 
tion v.'as  demonstrated  by  passing  the  narasites  through  a  number 
of  hosts  of  different  species  ('Experiments  A  and  B). 
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4,  Such  infected  flies  are  "carriers"  capable  of  infecting 
other  flies  by  fecal  contamination  of  the  food  or  proboscis 
(Experiment  3). 

5,  Cross-infection  of  species  by  food  contamination  can  and 
probably  does  occur  in  nature,  as  v?as  proved  by  an  experiment 
in  which  natural  conditions  were  simulated  (Experiment  C). 

6,  It  is  extremely  probable  that  Herpetomonas  muscae-domesti- 
cae,  ".  luciliae,  H.  calliphorae,  H.  sarcophagae,  and  the 
Herpetomonas  from  Phormia  and  Cochliomyia  flies  all  represent 
one  and  the  same  species. 
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STUDIES  ON  TBS  RELATIONSHIP  BETFffiEN  INSECT  FLAGSUJiTES 
AND  LEISHLIANIA. 

The  intiEiate  biological  relationships  which 
are  knovm  to  exist  betrreen  protozoan  parasites  of  man, 
belonging  to  the  genera  Leishmania  and  Trypan osopa,  and 
those  of  insects,  belonging  to  the  genera  Crithidia  and 
Herpetomonas ,  have  led  to  extensive  investigations  of 
the  flagellates  of  insects.  Since  Rogers'  discovery  that 
the  leishnania  body  of  kala  azar  flagellated  in  citrated 
hviman  blood  and  became  morphologically  a  Herpetomonas,  it 
was  thought  that  the  Herpetomonas  and  Crithidia  of  insects 
might  hold  the  key  to  the  biological  character  and  mode  of 
transmission  of  human  loishmaniosis.   It  is  suspected  that 
Icala  azar  is  an  insect  carried  disease,  but  positive  evi- 
dence for  this  is  lacking.  The  experiments  of  Rogers  and 
Price,  working  in  Assam,  demonstrated,  however,  that  a 
distance  of  a  few  hundred  yards  between  an  infected  and 
an  uninfected  camp  is  sufficient  prophylaxis  to  the  unin- 
fected camp.  This  suggests  that,  if  the  disease  is  insect 
borne,  the  transmitter  is  not  a  winged  insect. 


I/Iany  of  the  biological  aspects  of  the  problem 
ssened  to  have  been  solved  hy  the  animal  inoculation  exp- 
eriments of  Laveran  and  Franchini,  -which  havo  led  many  to 
believe  that  the  human  host  -.ms  but  the  blind  alley  of  a 
natural  parasite.   In  general,  their  experiments  consisted 
of  the  production  of  artificial  leishmo.niosis  in  laboratory 
animals,  principally  vrhite  mice  and  white  rats,  hy   intra- 
peritoneal inoculations  and  feeding  the  herpetomonads  and 
crithidias  found  naturally,  so  far  as  is  loiovm,  only  in 
the  alimentary  canals  of  insects.  Among  the  flagellates 
employed  were  Herpetomonas  ctenopsyllae,  H.  ctenocophali, 
H.  jaculum,  H«  pattoni,  H.  culicis,  H.  muscae-doaesticae , 
H.  sarcophagae,  H«  phlebotomi,  Crithidia  melophagia  and 
C.  fasiculata.  More  recently  Franchini  (1922)  has  reported 
successful  inocu-lation  of  ifhito   mice  v/ith  protozoa  found 
in  the  latex  of  various  plants  belonging  to  the  Euphorbi- 
aceae. 

The  infections  produced  in  the  rats  and  mice 
varied  sonevrhat  in  their  clmracter,  but  certain  things 
can  be  said  of  them  in  general.  From  three  days  to  a 
week  after  the  time  of  inoculation  it  was  possible  to 
find  free  or  intracellular  parasites,  usually  of  the  leish- 
mania  type,  in  the  peripheral  blood.  Frequently  flagellated 


forma  and  Anaplasiaa  bodios  in  red  calls  ware  encountered. 
Some  of  the  infections  resulted  in  severe  anemia  and  in 
death  of  the  host.   If  the  anisial  died  either  as  a  result 
of  the  infection  or  was  sacrificed,  the  spleen  and  sone- 
tines  the  liver  were  enlarged.  Tissue  snears  of  tho  spleen, 
liver,  and  bone  marrorr  often  revealed  the  presence  of  the 
leislimania  and  flagellated  forms  of  the  parasite.  In  some 
cases  it  vms  possible  to  transmit  the  infection  from  one 
animal  to  another  by  subinoculatior.  of  infected  blood. 
Attempts  to  cultivate  the  parasites  from  the  blood  and 
tissues  of  the  parasitized  animals  "Were  successful  in 
only  a  fevr  cases. 

FanthaiQ  and  Porter  (1916)  published  a  series 
of  expsriments  on  the  inoculation  of  various  mamioals,  birds, 
amphibians,  and  fish  with  insect  Herpetomonas  and  Crithidia.. 
From  their  reports  it  would  seem  that  they  were  most  strik- 
ingly successful  in  their  efforts  to  prodiice  flagellosis 
in  animals  of  all  these  classes. 

Hoare  (1921)  carried  out  a  series  of  experimental 
animal  inoculations  ivlth  results  quite  contrary  to  those  of 
Lav3ran  and  his  collaborators,  and  of  Fantham  and  Porter, 
Crithidia  melophagia,  Horpetomonas  calliphorae  and  H.jaculum 


werg  inoculated  into  mice  urith   negative  results.  Stickle- 
backs, nevrbs,  and  frogs  did  not  bocone  infected  when  in- 
oculated with  H.  jaculuin.  The  results  justified  the  con- 
clusion that  "artificial  infection  with  insect  flagellates 
requires  further  study  and  the  results  already  recorded  do 
not  permit  as  yet  of  fonaing  general  conclusions  as  to  the 
pathogenicity  of  insect  flagellates  and  their  relation  to 
LeishmaJiia. " 

Glaser  (1922)  recently  reported  his  unsuccess- 
ful attempts  to  produce  herpetomoniasis  in  four  white  and 
two  wild  mice,  one  rat,  and  one  guinea  pig,  by  intraperi- 
toneal inoculation  with  H»  muscae-domesticae. 

In  viovT  of  the  directly  opposed  results  ob- 
tained by  these  prominent  investigators,  the  vn-iter  under- 
took some  similar  experiments  with  tlae  hope  of  obtaining 
more  evidence  in  regard  to  the  possibility  of  producing 
artificial  leishmaniosis  in  laboratory  animals  by  means 
of  insect  flagellates.   If  the  results  had  been  positive, 
the  problem  would  have  been  much  nearer  a  solution.  But 
fortunately  or  unfortunately  the  results  were  negative, 
and  can  have  such  value  only  as  is  ordinarily  attributable 
to  negative  results. 


A.  Experiments  vfith  half-grovTn  white  rats.     Aniiials  were 
in  good  health  '.Than  killed  unless   othorwise  stated. 
1,     Rats  inoculated  intraperitoneally  with  Crithidia 
gerridis. 

(a)  Inoculated  April  28.     Blood  smears  negative 

May  4,   7,   14,  and  24.     On  my  31  rat 
became  sicl:  and  refused  to  eat.  Blood 
smears  negative,   anemia  marked.     Rat 
killed  June  1.     Smears   of  liver,   spleen, 
and  bone  marrow  negative.      Cultures  on 
MN  medium  from  blood  and  spleen  gave 
heavy  bacterial  grovrth. 

(b)  Inoculated  April  28.     Blood  smears  negative 

!.Iay  4,   7,    14,   24,   and  31.     Rat  killed 
July  1.     Smears  from  liver,   spleen,   and 
bone  marrow  negative.      Cultures   on 
NM  medium  negative  ai^er  21  days. 

(c)  Sai^.e  as   (b). 

(d)  Same  as    (b). 

(e)  Inoculated  April  28.  Died  of  acute  peritonitis 

the  next  day. 
2.  Rats  inoculated  intraperitoneally  with  Herpetomonas 
mus  cae  -dome  st  i  oae . 
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(a)  Inoculated  May  11.     Died  of  acuta  peritonitis 

the  next  day. 

(b)  Same  as    (a). 

(c)  Inoculated  1.1ay  11.     May  12,  the  rat  sickened. 

Blood  smears  negative  for  parasites,  anemia 
marked.     Anaplasma-like  bodies  in  some  red 
cells.     May  15,    rat  appears  normal  again, 
blood  negative  for  parasites.     Blood  smears 
negative  May  31  and  June  15.     Rat  killed 
July  1  while  in  apparently  good  health. 
Cultures   of  heart's  blood  and  spleen  on 
WM  medium  negative  after  21  days, 
(d)   Inoculated  May  12.     Blood  smears  negative 
except  for  anaplasma-like  bodies  in  red 
cells,  May  15.     Blood  smears  negative  May 
31  and  June   15.      Rat  was  killed  July  1. 
Smears  from  liver,   spleen,  bone  marroviT, 
and  heart's  blood  negative  for  parasites. 
Cultures  on  NM  medium  negative'  af^er  21 
days. 

(e)  Same  as    (d)  except  that  no  anaplasma-like 

bodies  were  ever  found. 

(f )  Inoculated  May  24.     Blood  smears  negative 


May  27,  June  8,  and  Jung  15.  Rat  was 
killed  July  1.  Smears  of  liver,  spleen, 
and  bone  marrotr  negative  for  parasites. 
Cultures  negative. 
Hats  inoculated  intraperitoneally  xrith  Trypanosoma 
me laphagiua  Flu  from  the  sheep-tick  (foi'merly 
known  as  Crithidia  melophagia. )     3ach  animal  was 
injected  vrith  the  intestinal  contents  of  two 
heavily  infected  sheep-ticks. 

(a)  Inoculated  June  28.  Stained  smear  and 

fresh  blood  negative  for  parasites 
July  2,  7,  13,  17.  The  rat  died  of 
an  unknown  cause  July  28.  Blood, 
spleen,  liver,  and  bone  marrow  nega- 
tive for  parasites, 

(b)  Inoculated  June  28.  Stained  smears  and 

fresh  blood  negative  for  parasites 
July  2,  7,  13,  17,  23.  Sacrificed 
Aug.  7.  Blood,  liver,  spleen,  and 
bone  marrovf  negative.  CXiltures  on 
NM  medium  from  blood,  spleen,  liver, 
and  bone  marroi/  negative. 

(c)  Same  as  (b). 

(dj  Inoculated  June  28.  Stained  smears  and 

fresh  blood  negative  July  2,  7,  13,  17, 
and  28.  Died  of  unknown  cause,  Aug.  3. 
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Examination  of  heart's  blood,  splean,  liver, 
and  bone  marravr   negative  for  parasites, 
(e)  Inoculated  June  28.  Stained  smears  and  fresh 
blood  negative  July  2,  7,  13,  17,  and  28. 
On  July  28  blood  platelets,  sone  of  -.Thich 
resembled  leishmania  bodies,  were  especially 
nuiaerous.  The  rat  ".Tas  sacrificed,  and  cultures 
on  WSll   medium  vrere  made  from  the  heart's  blood, 
liver,  spleen,  and  bone  marrovT.  They  were  neg- 
ative after  three  weeks.   Leishmania  bodies 
could  not  be  found  in  sections  of  the  liver  and 
spleen. 
B.  Experiments  with  white  mice. 

1.  Mice  inoculated  intraperitoneally  with  Trypanosoma 
melophagium  from  sheep-tick. 

(a)  Inoculated  June  28.  Examination  of  fresh  blood 
and  stained  dried  smears  negative  for  parasites 
July  2,  7,  13,  17,  and  28.  Aug.  3  the  mouse 
was  found  dead  and  partially  devoured  by  the 
other  mice. 

(b)  Inoculated  June  28.  I3xanination  of  fresh 
blood  and  stained  dried  smears  negative  for 
parasites  July  2,  7,  13,  17,  and  28.  Sacrificed 
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Aug.  7.  Smears  of  heart's  blood,  spleen, 
and  liver  negative  for  parasites.   Cultures 
on  MN  mediiua  from  blood  and  spleen  negative 
after  3  \Teeks. 
(c)  Same  as  (b). 
C.  Experiments  with  other  animals. 

1«  Rabbit  inoculated  intraperitoneally  with  Trypanosoma 
malophagium  from  sheep-tick.  Inoculated  June  28, 
Examination  of  fresh  blood  and  smears  negative 
July  2,  7,  13,  17,  28,  and  Aug.  3.  The  rabbit  was 
not  sacrificed. 
2.  Guinea  pig  inoculated  intraperitoneally  ^Tith  Trypano- 
soma melophagium  from  sheep-tick.   Inoculated  June 
28.  Examination  of  fresh  bloodS^nd  smears  negative, 
July  2,  7,  13,  17,  28  and  Aug.  3.  The  animal  was 
not  sacrificed. 

The  results  of  these  experiments  vrere  negative  in 
so  far  as  the  production  of  flagellosis  in  vertebrates  with 
flagellates  from  insects'  guts  is  concerned.  It  is  interesting 
to  note  that  the  normal  blood  platelets  of  rats  and  mice  often 
bear  a  marked  resemblance  to  the  leishmania  bodies,  and  the 
deception  nay  be  greater  vrhen  a  blood  platelet  is  found  lying 
upon  a  rod  cell.  The  occasional  presence  of  anemia  and  ana- 
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plasma-like  bodies  could  in  no  way  be  attributed  to  the 
presence  of  flagellates.  It  is  possible  that  the  anaplasiaa- 
like  bodies  are  comparable  to  Howoll-Jolly  bodies. 

Recent  work  indicates  tha':  Crithidia  melophagia 
is  in  reality  a  stage  in  the  life  history  of  the  sheep  trypan- 
osome.  V.Tiat  we  should  expect  to  find  in  the  blood  of  inocu- 
lated experimental  animals  is,  then,  trypanosoraes,  rather  than 
the  Leishmania  bodies  vrhich  Laveran  and  Franchini  found.  Care- 
ful examination  of  the  fresh  blood  and  stained  dried  snears, 
however,  of  animals  inoculated  with  this  flagellate  disclosed 
the  presence  of  neither  trypanosomes  nor  other  flagellates. 
If  this  is  indeed  a  trypanosome,  the  results  of  these  experi- 
ments indicate  its  great  specificity  for  the  sheep. 

Conclusions  and  discussion. 

Attempts  to  infect  laboratory  animals  vfith  Crithidia 
gerridis  from  the  v/ater-st rider,  Herpetomonas  muscae-domesticae 
from  Huscoid  flies,  and  Trypanosoma  melophagium  from  the  sheep- 
tick  were  unsuccessful.  In  the  experiment  seventeen  white  rats, 
three  white  mice ,  a  rabbit ,  and  a  guinea  pig  were  employed. 

The  failure  of  other  workers  and  the  writer  to  dup- 
licate the  results  of  Laveran  and  his  collaborators,  and  of 
Fantham  and  Porter,  does  certainly  shavr  that  artificial  leish- 
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oaniosis  is  much  nore  difficult  to  realize  in  the  laboratory 
tlian  their  publications  indicate.  "Whether  the  difficulty  of 
repeating  their  work  lies  in  the  strains  of  the  laboratory 
animals,  the  insect  parasites,  or  the  technique,  it  is  at 
present  impossible  to  say. 

Fatten  accepts  the  animal  inoculation  v;ork  to 
the  extent  that  he  Y/ould  use  the  term  herpetomoniasis  rather 
than  leishjianiasis.  The  following  statement  of  his,  however, 
is  quite  significant;   "Transmission  experiner.ts  on  white 
mice  would  give  us  some  valuable  information  as  to  whether 
the  species  of  insect  flagellates  found  in  India  are  capable 
of  living  in  the  tissues  of  smaller  laboratory  animals.  I 
would,  hovfever,  warn  the  observer  v^ho  undertakes  such  exp- 
eriments that  the  white  Japanese  performing  mice,  vrhich  are 
usually  sold  in  India,  seem  to  be  of  little  use  for  such 
experiments.   I  have  inoculated  many  of  these  mice  vdth 
several  species  of  Herpetomonas ,  including  H.  donova.ni, 
but  have  never  yet  succeeded  in  obtaining  any  positive 
results." 
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Observations  on  the  Morphology  and  Life  Cycle  of  Crithidia 
gerridis  Patton  in  the  Water-strider,  Gerris  remigis  Say 


This  paper  is  a  contribution  to  the  inorphologj'-  and 
life  cycle  of  Crithidia  gerridis  Patton  in  water  striders. 
Two  investigators,  Patton  and  Porter,  have  already  published 
reports  on  tbis  subject.  Patton  (1908)  while  working  in  India 
was  the  first  to  describe  flagellates  from  the  Heteropteran 
bugs,  Gerris  fossarum,  Microvelia  sp. ,  and  Perittopus  sp. 
Porter  (l909)  studieH  the  morphology  and  life  history  of  a 
similar  flaeellate  found  in  the  British  species,  Gerris  paludum, 
and  Fantham  recently  reported  the  presence  of  a  crithidia  in 
the  water-striders  of  South  Africa.   The  writer  has  recently 
examined  various  species  of  North  American  water-striders,  and 
has  found  instances  of  infection  of  the  digestive  tract  by 
flagellates  belonging  to  the  genus  Crithidia  in  the  follov/ing 
species;  Gerris  remigis,  Gerris  marginatus,  Gerris  rufoscutel- 
latus ,  and  Microvelia  americana.* 

Minchin  and  Thompson  (1915)  found  that  the  various 
stages  of  Trypanosoma  lewiai  in  the  rat  flea  bore  a  definite 
relationship  to  the  various  oarts  of  the  intestine,  and  were 


*  I  am  indebted  to  Dr.  H.  M.  Parshley  for  identifying 
these  species  of  insects  for  me. 
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able  to  follOTT  chronologically  the  development  in  the  in- 
testine of  the  invertebrate  host.  McCulloch  (1919/*  found 
that  the  life  cycle  of  Crithidia  euryophthalmi ,  parasitic 
in  Euryophthalmus  convivus ,  "can  be  correlated  advantageous- 
ly with  the  life  history  of  T.  levfisi  in  the  invertebrate 
host,  the  flea."  In  my  investigation  of  Crithidia  gerridis 
an  attempt  has  been  made  to  learn  how  closely  its  life  history 
corresponds  to  that  of  the  above  mentioned  flagellates.  The 
host  Gerris  remigis  was  selected  for  use  because  it  was  the 
most  easily  obtainable  in  large  numbers. 

An  average  specimen  of  Gerris  remigis,  measuring  about 
1,5  cm.  from  the  vertex  of  the  head  to  the  tip  of  the  abdomen, 
has  a  digestive  tract  from  2.5  to  3,0  cm.  in  length.   Its  gen- 
eral gross  structure  is  represented  in  fig.  1.   The  esophagus 
is  a  thin-walled  narrow  tube,  joining  the  first  stomach  with  its 
wall  of  tall  glandular  epithelial  cells.   The  long,  narrow  second 
stomach  is  much  folded,  and  may  present  certain  temporary  en- 
largements and  constrictions  in  some  specimens.   Posteriorly 
it  forms  a  short  bell-shaped  enlargement  'which  we  may  designate 
as  the  third  stomach.   This  unites  broadly  with  the  ilemn  into 
which  open  the  four  long  and  much  entangled  Malpighian  tubules , 
two  from  each  side.  A  slight  constriction  separates  the  ileim 
from  the  rectiun,  which  when  empty  appears  as  a  white  thin-walled 
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sac.      Wo   gastric   caeca  are  present. 

Technique  Employed 

The  living  parasites  were  studied   in  vaseline  sealted 
coverslip  preparations  of  the  various  parts  of  infected  in- 
testines teased  up  in  0,7  per   cent,    sodium  chloride   solution. 
Intra-vitam  staining  v/ith  neutral  red,   methjrlene  blue,    and 
Janus  green  was   attempted,  the  last   only  proving  valuable. 
Methyl  green  distorted  the  unfixed   flagellates  badly,   but 
brought  out  very  well  the  structure  of  the  nucleus. 

For  permanent  preparations  I  employed  Heidenhain  s 
iron-haematoxylin  staining  after   fixation  in   Pleraming  s    solution, 
Bouin's  picro-formol,    or  Schaudinn's  fluid  heated  to  about  60     C. 
Bouin's   fluid   Droved   the  most  valuable  fixative.      The  Giemsa 
method   of  staining  after   fixation  in  osmic   acid  vapor   gave 
beautiful  pictures,   but   is  not   so   valuable  for   critical  mor- 
phological work.      Entire   infected   intestines  were  fixed    in  hot 
Schaudinn's,    sectioned,    and   stained  with   Delafield's  haematoxylin. 

For  mitochondrial   studies   Janus   green  made  up   in  the 
proportion  of  one  part  of  Janus   green  to  20,000  parts  Ringer  s 
solution  v;as  used.      Permanent  preparations  were  made  by  the  Benda 
and   Bens  ley  methods. 

Attempts  to  c\ilture  the  Crithidia  in  Novy  and  ilacWeal, 


The  terminology  used   in  this  description  was   adapted  to  the   gut 
of  Gerris   remigis   from  that   employed  by  Glasgow   (l914)   in  his 
work  on  The  Gastric  Caeca  and  the   Caecal  Bacteria  of  the  Heterop- 
tera. 
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"iVenyon's,  and  N.N.N,  media  failed,  probably  because  of  in- 
ability to  eliminate  the  grovrth  of  bacteria  -which  is  fatal 
to   the  growth  of  all  the   haemoflapiellates. 

Percentage  of  Infection 

An  examination  of  a  number   of  v/ild   specimens  of 
Gerris  remigis  disclosed   the  fact  that  the   infection  may 
be  either   extremely  heavy,    where  the   intestine   is   actually 
gorged  with  parasites,    or   so   light   that   it    is   possible  to 
demonstrate  the  presence  of  only  two  or  three  flagellates. 
There   is  always  the  possibility  of  overlooking  very   light 
infections.      However,    a  record  of  the  examination  of  two 
hundred  water-striders   collected   in  July,    1921,    from  a  small 
pond  near  the  fish  hatchery  at   Cold  Soring  Harbor,   Long   Island, 
showed   a  percentage   of  infection  of  20,5.      During  April,    1922, 
257  water-striders  were   collected   in  the  vicinity  of  Baltimore: 
and  of  these  only  six,    or  2,5  per   cent,   were   infected.      The 
writer's   exoerience  is   that  the  infection  rate  at  other  times 
of  the  year   is   about  the   same   in  this  vicinity. 

Distribution   in  the  Host 

The  esophagus   is  usually  free  of  flagellates.     Exceot 
in  specimens  which  have  recently  fed,   the  anterior  end  of  the 
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first  stomach  is  also  usually  empty.   It  is  in  the  posterior 
half  of  the  first  stomach  where  one  usually  finds  the  great- 
est numbers  of  parasites.   Posterior  to  the  first  stomach 
the  infection  is  lighter. 

Forms  from  the  First  Stomach 

McCulloch  (l919)  following  the  terminology  of  Minchin 
and  Thompson  (l915)  has  applied  the  name  nectomonads  to  the 
free-swimming  flagellated  forms  of  the  Crithidia  in  the  insect  s 
intestine,  and  the  name  haptomonads  to  those  forms  which  have 
attached  themselves.   In  the  first  stomach  of  infected  Gerris 
remigis  both  the  free -swimming  and  the  attached  form  of  the 
parasite  may  be  found,  and  we  shall  designate  such  forms  as 
nectomonads  and  haptomonads  respectively. 

Nectomonads  (fig.  2-9).   Ordinarily  these  forms  pre- 
dominate in  the  first  stomach,   .'/hen  the  gut  is  ruptured  they 
pour  out  in  great  profusion,  almost  emptying  the  gut.   Some 
of  these  long,  slender  forms  swim  with  great  rapidity;  they 
represent  the  stage  of  maximum  activity  in  the  life  cycle  of 
the  parasite.   Porter  has  given  a  good  description  of  their 
movements.   Others  are  attached  together  in  great  agglomeration 
rosettes  as  described  by  Patton  and  Porter. 
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A  series  of  100  measurements  showed  that  these 
nectomonads  range  in  length  from  18.2  u  to  60,0  u,  and  in 
width  from  0.9  u  to  6,2  u.  The  average  width  was  2,0  u, 
the  average  distance  from  the  posterior  tip  to  the  nucleus 
11,2  u,  average  distance  from  the  nucleus  to  the  parabasal 
body  1,9  u,  average  distance  from  parabasal  body  to  the 
anterior  tip  of  flagellum  21,3  u,  and  the  average  total 
length  was  34.3  u.   I  have  seen  only  tv/o  individuals  in 
which  the  parabasal  body  was  posterior  to  the  nucleus  (fig.  9). 
The  table  (See  table  I)  of  100  measurements  of  ten  flagellates 
from  each  of  ten  insect  hosts  shows  the  amount  of  variation  in 
the  size  and  shape  of  the  flagellate  in  various  hosts  of  the 
same  species, 

Endoplasm.   The  body  is  surrounded  by  an  extremely 
thin  periplast  7/hich  encloses  the  endoplasm  and  certain  perma- 
nent cell  structures  or  organelles.   In  the  fixed  and  stained 
preparations  the  endoplasm  tsikes  the  appearance  of  a  clear  fluid 
supporting  many  fine  granules.   In  the  living  condition,  hov/everj 
these  smaller  granules  are  not  apparent,  but  instead  one  may 
find  larger  refractile  granular  bodies  supported  in  a  clear 
fl-iid  medium  (fig.  10).   These  granules,  or  "chromidia"  as  they 
have  been  called,  seem  not  to  be  definitely  crystalline  in 
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structure,  nor  do  they  tako  the  appearance  of  droplets. 
Their  shape  reminds  one  rather  of  the  appearance  of  fine 
particles  of  broken  glass  as  viewed  by  the  naked  eye. 
When  stained  with  Janus  green  they  range  in  color  from 
blue  to  red-brown.   Either  they  disappear  in  the  process 
of  making  fixed  and  stained  preparations,  or  they  are  so 
greatly  disintegrated  that  they  appear  as  the  groups  of 
granules  shown  posterior  to  the  nucleus  in  the  figures. 

V«'hile  studying  the  "chromidia"  of  fresh  pre- 
paratioris  in  Janus  green  with  the  higher  pov/ers  of  the  micro- 
scope, I  have  occasionally  seen  posterior  to  the  nucleus  a 
rather  indistinct  structure  (fig.  10),  if  indeed  it  is  a 
structure.   It  is  rather  difficult  to  distinguish,  but  at 
times  there  seem  to  be  two  clear  spirally  wound  streams  of 
fluid  which  are  in  continual  agitation,  due  perhaps  to  the 
violent  lashings  of  the  flagellum.   This  structure  cannot  be 
found  in  fixed  and  stained  preparations.   Perhaps  it  is  merely 
a  streaming  appearance  of  the  endoplasm  due  to  osmotic  pheno- 
mena. Swellengrevel  (l91l)  has  figured  an  axial  uncolored 
SDirally  wound  line  in  his  Giemsa  preparations  of  Herpetomonas 
calliphorae,  vjhich  may  be  homologous  with  the  anpearance  I  have 
noted  in  Crithidia  gerridis.    It  seems  quite  probable  that  this 
structure  is  the  rhizostyle  of  Alexeieff . 
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Flagell\jin«        As  may  be   seen  in  Table   I  the 
average   distance  from  the  parabasal  body  to  the  tip  of  the 
flagellixm,    which  is   in  reality  the   langth  of  the  flarrellim, 
averages   about   21.31  microns,   a  fairly  constant  measurement 
as   compared   with  other  measurements;    e.g.,   the   distance 
from  the  posterior  tip  of  the  cell  to  the  nucleus.      The 
flagellum  seems  to  originate  directly  from  the  parabasal 
body  and  runs  anteriorly  just  beneath  the  crest  of  a  thin 
expansion  of  the  periplast,   forming  the  undulating  membrane. 
Porter,  McCulloch  and   others  mention  a  basal   granule  or 
blepharoplast  in  their  crithidias,  but   I  have  been  unable 
to  demonstrate   the   like   in  this   particular   Grithidia.   The 
basal   granule  probably   lias   embedded  within  the  parabasal 
body,   for  the   flagellum  can  in  almost   all   instances  be  traced 
until  it  makes   a  contact  with  the  parabasal  body.      Ver7/  oc- 
casionally the  flagelliim  is   slightly  thickened   at  the  point 
of  juncture  with  the  parabasal  body,   but  no  discrete  basal 
granule   can  be   seen   (fig.    5.).      As   further  evidence  for  the 
invisibility  of  the  basal   granule   it    is  vrorth  while  to  note 
here  that   in  his   account   of  Tabanus   hirtus   Patton   (l909) 
makes  the   statement,    "I  have   never   seen  a  basal   granule," 
Similarly,    Swingle    (1909-'   wrote  of  Grithidia  melophagi, 
"l  have  never  been  able  to  see  a  granule  at  the  base  of  the 


flagelltim  and  separate  from  the  kinetonucleus. 

Parabasal  Body.   In  the  unstained  preparations 
this  appears  as  a  refractile  rod-like  body  at  the  base  of  the 
flagellum  from  1.0  u  to  3.2  u  in  front  of  the  nucleus.   It  may 
be  either  almost  perpendicular  to  the  intra-cytoplasmic  portion 
of  the  flagellum,  or  inclined  at  a  more  or  less  acute  angle, 
V/hen  the  parabasal  body  in  fresh  preparations  is  stained  with 
Janus  green  it  seems  to  lie  inside  an  area  of  clear  fluid,  proving 
that  it  is  not  an  artefact  due  to  fixation.   Various  authors  have 
mentioned  a  definite  membrane  enclosing  this  clear  area,  but 
neither  in  the  stained  nor  unstained  preparations  can  this  be 
demonstrated,  although  the  granules  of  the  surrounding  protoplasm 
are  often  grouped  about  the  edge  of  this  clear  area  so  as  to  ap- 
pear somewhat  like  a  membrane  in  some  cases  (figs.  5  and  6).  The 
earlier  Tiriters,  following  Woodcock,  referred  to  this  structure 
as  the  kinetonucleus  -  hence  the  order  binucleata  of  Hartmann, 
Kofoid  (l916),  and  Svfezy  (l916)  1  f-ve  advanced  very  cogent  argu- 
ments to  prove  that  it  is  not  a  nucleus,  and  consequently  the 
order  binucleata  has  no  justification.   Tliey  si/ostitute  for 
kinetonucleus  the  term  parabasal  body,  proposed  by  Janicki  in 
1911.  YJenyon,  Dobell,  and  Alexeieff  have  ceased  to  use  the  term 
kinetonucleus,   substituting  the  name  kinetoplast.   V/enyon  (l920) 


uses  the  term  kinetoplast  to  include  the  parabasal  body  and 
blepharoplast  or  basal  granule.   Since  the  name  parabasal 
body  was  proposed  earlier  than  the  name  kinetoplast,  there 
is  no  valid  reason  for  rejecting  it  and  substituting  the 
latter  name  which  may  have  more  significance,  especially 
since  in  the  present  state  of  our  knowledge  vie   are  not  sure 
that  this  structure  is  a  plastid,  Kofoid  (l916)  has  suggested 
that  the  parabasal  body  is  reserve  material,  aiid  that  its 
formation  is  the  result  of  a  change  from  the  free  living  to 
a  parasitic  mode  of  life.   Alexeieff  (l917),  however,  has  ad- 
vanced some  good  reasons  why  this  structure  is  an  organ  of 
glycoplastic  function,  and  that  it  serves  to  elaborate  certain 
materials  of  importance  in  the  activity  of  the  flagellate. 
As  was  indicated  previously,  in  Crithidia  gerridis  this  body 
stains  with  Janus  green  after  the  fashion  characteristic  of 
mitochondria,  but  we  are  by  no  means  certain  that  as  Guillier- 
mond  (l918)  asserts  "The  mitochondria  give  rise  to  the  greater 
part  of  the  secretory  products  of  the  cell  and  are  entirely 
similar  to  well  known  plastids."   The  opposition  of  Dangeard 
(l918)  to  such  views  is  significant  here. 

That  the  chemical  nature  of  the  parabasal  body 
is  not  identical  viith  that  of  the  nucleus  is  easy  to  establish, 
for  the  nucleus  takes  little  or  none  of  the  Janus  green  stain. 
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while  it  is  quite  pronounced  in  the  parabasal  body.   Patton 
(1909)  noticed  that  in  the  case  of  the  Crithidia  from  Tabanus 
hilarius  "the  nucleus  is  a  circular  mass  which  stains  light 

pink  T;ith  Romanowsky  stain The  blepharoplast  (parabasal) 

is  a  large  rod-shaped  mass  staining  deep  magenta."   Shipley 
(1916)  discovered  that  the  parabasal  body  and  certain  granules 
in  the  cytoplasm  of  Trypanosoma  lewisi  could  be  stained  with 
Janus  green,  and  that  the  nucleus  remained  unstained.   The 
nucleus  lies  just  posterior  to  the  parabasal  body,  and  is 
usually  but  slightly  less  in  diameter  than  the  width  of  the 
cell  at  that  point.   Preparations  fixed  in  Bouin's  or  Sohaudinn's 
fluid  show  fairly  uniformly  a  "vesicular"  type  of  nucleus;  i.e., 
there  is  a  deeply  staining  central  karyosome,  usually  almost 
round  (fig.  3,  4)  but  sometimes  elongated  (fig.  2,  8).   In- 
frequently the  karyosome  is  composed  of  tv/o  or  three  fragments. 
Surrounding  the  karyosome  is  a  light  space  finely  and  rather 
diffusely  granuled,  and  the  whole  is  enclosed  in  a  round  or  oval 
achromatic  "membrane."  Sometimes  this  nuclear  "membrane"  con- 
sists of  a  number  of  large  clouded  granules  lying  around  the 
periphery  (fig.  3).   In  such  cases  the  name  "membrane"  may  be 
misleading,  because  its  constituent  parts  do  not  seem  to  form 
a  continuous  enclosure.   In  general,  the  nucleus  does  not  differ 
essentially  from  that  described  by  McCulloch  for  Crithidia 
euryophthalmi. 


There   is   a  difference,   however,   between  the 
nucleus  of  the  flagellate  found  in  Gerris  remigis ,    and 
that   described   in  similar  flagellates  by  Patten  sind   Porter. 
Patton  describes   eight   chromosomes   arranged   along  the  cir- 
cumference  of  the  nucleus.      Porter   states,    "Large  chromatin 
granules,   occasionally  eight   in  number,    are  present.      Usual- 
ly the  chromatin  of  the  nucleus   is   arranged   in  slightly  ir- 
regular masses,    etc."     Whether  these   authors   relied  mainly 
upon  Romanowsky  stains  of  the  dry  smears    ,    or  worked  with   a 
different   species   of  Grithidia   is  uncertain.      Swellengrebel 
(1911)   described  the  nucleus   of  Grithidia  calliphorae  as 
staining  deeply,   without   any  differentiation,    and   surrounded 
by  a  clear  halo,    due  to  the  contraction  of  the   nuclear   sub- 
stance.     He   adds,    "Similar  figures  have  been  mistalcen  for   a 
nucleus   containing  a  large   karyosome,    and   clearly  show  hov/  de- 
fective  is  this  method   of  fixing  and   staining,"  meaning  fixa- 
tion with  corrosive  alcohol   and   staining  with   iron-haematoxylin. 
It   is   exactly  this  picture  which  one  gets  with  fixation  by 
Schaudinn's,   Bouin's,    osmic   acid   (   though   not   so  clearly)   and 
staining  with   iron-haematox^rlin,    or  by  the   Benda  met'''od. 
Sometimes  the  living  specimen  in  Janus  green  shov/s,    somev/hat 
faintly  to  be  sure,  the  "vesicular"   structure  of  the  nucleus. 
Staining  the  fresh  cells  with  methyl  green  had  at   least  one 
feature  of  importance;    it   caused  the   nucleus   to   stand  out   boldly, 
showing  both  the  karyosome   and   the  nuclear  membrane. 


other  structures:  McGulloch  (l917)  discovered 
in  Crithidia  euryophthalmi  a  cone  shaped  structure  (parabasal 
rhizoplast)  between  the  basal  granule  and  the  parabasal,  and 
a  rhizoplast  connecting  the  nucleus  v/ith  the  basal  granule. 
Since  in  Crithidia  gerridis  the  flagellxun  seems  to  take  its 
origin  directly  from  the  parabasal  body,  there  can  be  found 
no  structure  comparable  to  a  parabasal  rhizoplast.   Very 
rarely  one  finds  a  specimen  showing  a  fine  line  between  the 
nucleus  and  the  parabasal  body,  vrhich  reminds  one  of  the  nu- 
clear rhizoplast  seen  by  i^^cCulloch  (fig.  4). 

Haptomonads:   These  are  the  attached  forms  which 
sometimes  line  the  wall  of  the  first  stomach  in  great  profu- 
sion.  They  must  be  grouped  into  two  classes: 

(a)  Those  which  are  similar  morphologically  to 
the  nectomonads,  except  that  they  are  smaller  in  some  cases, 

(b)  Those  v/hich  have  the  same  general  structure 
of  the  organelles  as  the  nectomonads  but  differ  in  size  and 
shape  (fig.  11,  12,  13,  14).   They  vary  in  length  from  7,4  u 
to  25,0  u.  and  in  width  from  2.0  to  3.3  u.  -  somev/hat  wider 
than  the  nectoraonad  forms.   The  nosterior  end  is  rounded,  giving 
the  flagellate  an  appearance  quite  different  from  that  of  the 
long  graceful  nectomonads.   These  forms  attach  themselves  in 
great  masses  to  the  tips  and  sides  of  the  tall  epithelial  cells. 
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Cyst -like  forms.   Patton  and  Porter  mention  finding 
cysts  in  the  crop  of  the  insects,  and  they  describe  a  pro- 
cess of  development  from  the  cyst  to  the  flagellate  stage. 
Almost  any  interpretation  can  be  placed  upon  dried  prepara- 
tions of  the  haptomonad  forms  stained  by  the  Romanowsky  method j 
since  some  show  either  no  flagellum  or  a  faintly  staining  one. 
Iron-haematoxylin  preparations  of  these  ssjne  forms  show  a  well- 
developed  flagellum  in  all  instances.   I  believe  that  most  of 
the  cyst  forms  which  Patton  and  Porter  found  in  the  crop  v/ere 
in  reality  degenerated  haptomonads  or  yeasts. 

Second  stomach,  third  stomach,  ileum.   The  third 
stomach  and  ileum  rarely  contain  more  than  a  comparatively 
insignificant  number  of  flagellates.   In  some  heavy  infections 
of  the  first  and  second  stomach,  these  sections  of  the  in- 
testine will  contain  at  most  only  a  few  nectomonads  swimming 
in  their  contents  and  a  few  haptomonads  attached  to  the  in- 
testinal wall.  The  anterior  end  of  the  first  stomach,  however, 
often  swarms  with  flagellates  which  resemble  those  in  the 
posterior  portion  of  the  first  stomach.   Generally  speaking, 
the  infection  becomes  scantier  as  one  proceeds  bactovard  from 
the  anterior  end  of  the  first  stomach  toward  the  rectum. 

Rectum.   Minchin  and  Thompson  (l915j  found  that 
Trypanosoma  lCT;isi  might  permanently  establish  itself  in  the 
rectum  of  the  rat  flea  after  the  infection  had  disappeared 
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from  the  anterior  portions  of  the   intestine.      McGulloch 
(1919)   found   that  there  was   a  permanently  established 
phase  of  the   life  cycle   of  the  parasite   in  the   pyloric 
expansion  of  the   lupine  bug  corresponding  to  the   established 
rectal  phase  of  Trypanosoma  lev/is i.      In  the  water-strider 
one   finds   few  flagellates   attached   to  the  vi&ll  of    the  recttim, 
so  that   it   seems   improbable  that   rectal  haptoraonads   are  a 
part  of  the   life   cycle.      However,    a  fev/  haptomonads    (fig.    14) 
and  nectomonads   are  present  which  have  probably  passed  down 
from  the   anterior  part   of   the   intestine. 

The  rectum  often  contains   another   form  of  the   parasite 
which  is  occasionally  encountered  anteriorly.      It   is   a  long 
free-swimming  form,  very  narrow  0,7  u  to  1,2  u  in  width,  with 
a  short  body  and   a  long  flagellum,   making  the   total   length 
from  21  u  to  38  u   (fig.    17,    18,   19).      On  account   of  their   small 
size   it  was    impossible  to  study  accurately  their   nuclear 
structure.      The   "spirochaetiform"  flagellates  which  Porter 
figures  from  the  rectum  resemble  these   in  that  they  are  very 
narrow,   but  the   cell  proportions   axe   quite  different. 

The  structure   of  this   t^rpe  of  flagellate   is  remarkedly 
like  that   of  Herpetomonas.      It    is  too   small  to  determine  whether 
or   not  there   is   a  rudimentary  membrane.      That   it   is  a  stage   in 
the   life  history  of  this  Crithidia  is  certain,   however,    for  no 
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infections  are  to  be  found  where  there  are  not  also 
crithidial  forms  present,  and  all  gradations  of  the 
flagellate  between  this  type  and  the  large  flagellates 
may  be  found.   Here  also  are  found  the  encysting  and 
cyst  forms  already  described  by  Porter  (fig.  20,  21,  22). 
The  cysts  measure  from  1,5  to  4,0  microns  in  diameter. 
A  definite  cyst  wall  is  lacking,  '^Vhether  or  not  this 
is  the  infective  stage  has  never  been  experimentally 
proved  under  conditions  which  would  eliminate  the  presence 
of  all  other  forms  of  the  parasite.  V/enyon  (l912)  was 
able  to  cultivate  herpetomonads  from  the  faeces  of  Pulex 
irritans  which  had  been  allowed  to  dry  for  24  hours.  This 
might  be  taken  as  evidence  that  these  rounded  forms  are 
the  actual  resistant  infective  forms. 

Manner  of  lAiltinlioation 


No  method  of  multiple  fission  corresponding  to 
the  multiplication  spheres  of  Minchin  and  Thompson,  or  to 
the  somatellas  of  McCulloch  was  found.   Sections  of  tvio 
entire  heavily  infected  intestines  and  study  under  the 
microscope  of  scores  of  fresh  intestines  failed  to  disclose 
intracellular  phases  of  any  nature  in  the  life  history.   The 
very  interesting  process  of  endogenous  budding  in  Crithidia 
euryophthalmi  by  McCulloch  was  carefully  searched  for  with 
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negative  results.   Appearances  simulating  the  multiplication 
rosettes  of  Patton  and  Porter  were  found,  tut  this  method 
certainly  does  not  play  any  prominent  part  in  the  multipli- 
cation of  the  parasites. 

The  prevailing  method  of  multiplication  of  all 
types  of  crithidias  present  in  an  infection  is  binary  divi- 
sion.  Only  a  relatively  few  specimens  in  the  advanced 
stages  of  division  are  to  be  found,  but  a  large  proportion 
of  the  number  in  one  stained  smear  v/ill  show  the  beginning 
processes  of  division. 

The  first  apparent  indication  of  division  is  a  di- 
viding parabasal  body  (fig.  5,  14,  24).   The  tv/o  halves 
move  away  from  each  other,  connected  at  first  by  a  fine  fila- 
ment (fig.  6,  7,  25,  26).   Apparently  the  old  flagellura  re- 
mains with  the  half  to  which  it  is  attached,  and  the  new 
flagellum  arises  from  the  other  half.  "ATnether  the  flagellum 
divides  or  splits  has  been  the  subject  of  much  controversy. 
The  new  flagellum  is  so  precocious  in  its  growth,  and  follows 
so  closely  the  course  of  the  old  one  that  it  is  difficult  to 
follow  the  process  exactly.   Such  appearances  as  in  fig.  14 
suggest  that  the  new  flagellura  is  a  new  outgrowth. 

Meanwhile  the  karyosorae  of  the  nucleus  commences  to 
lengthen  in  the  direction  of  the  long  axis  of  the  cell  (fig.  5, 
24,  25).   Next  it  sv/ings  to  an  angle,  sometimes  tsJcing  a  posi- 
tion at  an  angle  of  90  to  its  former  position  (fig.  6,  7,  26). 


A  constriction  appears  at  about  the  middle  of  the  elongated 
karyosome  as  the  tv/o  halves  move  away  from  each  other  (fig. 
6,    7,  26,  27).   At  this  stage  the  nuclear  membrane  becomes 
indistinct,  the  clear  area  s^^rrounding  the  karyosome  dimin- 
ishes so  that  the  karyosome  seems  to  lie  almost  in  contact 
with  the  granular  endoplasm  (fig.  7,  26,  27). 

\'<Ihile   the  nuclear  division  is  advancing  to  this 
stage  the  body  of  the  flagellate  widens  quite  noticeably  in 
the  vicinity  of  the  nucleus,  A  clear  groove  interposes  betv;een 
the  members  of  the  pair  in  process  of  development,  across  which 
a  dark  stainiiig  filament  connecting  the  two  members  of  the 
dividing  karyosome  may  run  (fig,  7,  26,  27).  As  this  groove 
widens  it  extends  anteriorly  until  both  anterior  ends  are  free 
(fig.  28).   Usually  before  the  division  posteriorly  is  complete 
the  two  individuals  have  their  nuclei  and  undulating  membranes 
completely  reconstructed.   The  tivo  flagellates  then  pull  apart 
posteriorly. 

There  is  no  indication  that  the  granules  posterior  to 
the  nucleus  ("chromidia")  divide.   They  go  passively  with  the 
half  of  the  body  in  which  they  are  embedded. 

In  the  division  of  the  nucleus  there  is  no  indication 
of  a  centrosome  or  attraction  sphere.  The  karyosome  seems  to 
supply  the  activity  needed  for  a  nuclear  division.   If  we  re- 
gard the  karyosome  as  the  active  element  in  the  division  we  may 
consider  the  process  one  of  promitosis. 


95. 


Summary  and   CQncl^.!sions 

1.  The  North   Ajuerican  species   of  water-strider ,    Gerris 
remigis,   v;as   foimd   to  be   parasitized  by  a  flagellate 
belonging  to  the   genus   Crithidia.      The   infection 
rate  at  Cold   Spring  Harbor  was  20.5  per  cent;    in  the 
vicinity  of  Baltimore,    2.5  per   cent, 

2.  The   infections   studied   ranged   from  extrerasly  lij^ht  to 
the   condition  where  the   intestine   is   filled  with  the 
parasites.     The  parasites  may  be  found   in  the    intestine 
from  the  first   stomach  to  the  rectum. 

3.  In  the   first   stomach  Eire  found  the  nectomonads,   or   free- 
swimming  forms,    and  the  haptomonads,   or   attached   forms. 

a.  Measurements   of  100  nectomonads   are  tabiilated, 
and  the  endoplasm  and  organelles  described. 

b.  The   endoplasm  contains   granules  which  can  be 
stained  with  Janus   green.      In  the  endoplasm 
of  the   living  cell  posterior  to  the  nucleus  a 
rather   indistinct   structure  having  the  appear- 
ance of  tAvo   clear  streams  of  protoplasm   is 
visible. 

c.  The  flagellum  apparently  arises   directly  from 
the  parabasal  body.      No  discrete  basal   granule 
can  be  distinguished. 
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d.  The  parabasal  body  lies  in  a  clear  area  vrhich 
is  not  surrounded  by  a  definite  membrane.  It 
stains  with  Janus  green,  which  shows  that  it  is 
mitochondrial  in  nature. 

e.  The  nucleus  is  "vesicular"  in  structure:  -  there 
is  a  central  karyosome  surrounded  by  an  achro- 
matic membrane. 

f.  Occasionally  a  fine  line  bet-ween  the  nucleus  and 
parabasal  body  can  be  seen.  It  in  homologous  to 
the  parabasal  rhizoplast  of  I.IcCulloch, 

g.  The  morphology  of  the  haptomonads  is  essentially 
the  same  as  that  of  the  nectomonads,  except  that 
the  former  are  shorter  and  the  posterior  end  is 
wider  and  more  rounded. 

3.  The  second  stomach,  third  stomach,  and  ileum  may  have  all  the 
forms  found  in  the  first  stomach,  but  the  number  of  parasites 
in  these  portions  of  the  intestine  is  much  less. 

4.  In  the  rectiim  are  found  the  following  forms: 

a.  Nectomonads  from  anterior  part  of  intestine. 

b.  Haptomonads  from  anterior  part  of  intestine. 

c.  A  very  narrov/  free-swimming  nectomonad  form  v/ith 
a  long  flagellum  is  the  predominating  type. 

d.  The  cysts  and  encysting  forms. 

5.  The  only  process  of  multiplication  observed  vms  binary  fission. 
No  "somatellas,"  "tailed  spheres,"  or  intracellular  stages 
were  observed  in  the  life  history  of  this  Crithidia. 
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6,   The  finding  of  two  flagellates  with  the  parabasal  bodies 
located  posterior  to  the  nucleus  demonstrates  further 
the  close  relationship  of  these  flagellates  to  the 
trypano somes. 
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Fig.  1,  diagrammatic  drawing  of  the  digestive  tract  of 

Gerris  reraigis.  e,  esophagus;   1,  first  stomach; 
2,  second  stomach;  3,  third  stomach;  i,  ileum; 
r,  rectum. 
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Fig.  2,  large  nectomonad,  type  conunonly  found  in  first  and 

second  stomachs. 
Fig.  3,  nectomonad  7/ith  miclear  meinbrane  composed  of  a  ring 

of  clouded  granules. 
Fig.  4,  nectomonad  with  an  apparent  nuclear  rhizoplast,  undulating 

membrane  only  slightly  developed. 
Fig.  5,  nectomonad  commencing  division. 
Fig,  6,  a  further  division  stage. 
Fig.  7,  the  parabasal  body  and  the  nucleus  are  still  incompletely 

divided  and  the  ci/toplasm  has  commenced  to  split  between 

the  two  nov/  individuals  in  this  advanced  division  stage. 
Fig,  8,  a  nectomonad  vjith  a  well  developed  undulating  membrane,  and 

incidentally,  the  posterior  end  is  club-shaped. 
Fig,  9,  a  trypanomorphic  Crithidia,  the  parabasal  body  lies  posterior 

to  the  nucleus. 
Fig.  10,  a  purely  schematic  drav/ing  of  a  nectomonad  showing  cell 

structure  as  it  appears  after  vital  staining  vdth  Janus 

green. 
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Figs,  12,  13,  14,  haptomonads  from  +.he  first  stomach. 

Fig,    15,    a  haptoraonad  form  found    in  the  rectum,    shovfing 
a  dividing  parabasal  body  and  the  nerm  flagellum 
beginning  to   grow  out   from  the  parabasal  body. 

Fig.    IS,    17,    18.      Small  neotomonad   forms   ^vith  long  flagella 
from  the  rectum. 

Fig.    19,    an  enc7;-3ting  form. 

Figs.    20,   21.      The   so-oalled   cyst   forms. 

Fig.   22.      Outline  drawing  of  cross    section  of   intestine   show- 
ing haptomonads   attached  to  the   intestinal  wall. 
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Fig.   23-28.      Outline   drawings  of  dividing  foi-ms   arranged 
in  series   so   as  to   show  the   Drocess   of    division. 
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